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ADVANCED MATERIALS 


Germany: Plasma Pulse Nitriding To Improve 
Machine, Vehicle Construction 


93WS0652B Berlin INGENIEUR DIGEST in German 
Jul 93 p 27 


[Article by Dr. Uwe Huchel: “Plasma Pulse Nitriding: 
Longer Lasting’’] 


[Text] Presses have to withstand high thermal pressures 
and wear out relatively quickly. An effective protection, 
which noticeably lengthens their operational life while 
preserving good press quality, can be obtained with 
plasma pulse nitriding, a cost-effective nitriding process. 
Press matrices treated this way are already in use, 
especially in the mechanical engineering and vehicle 
manufacturing industries. 


Plasma pulse nitriding is at the present time the most 
up-to-date process development in the field of nitriding, 
a thermochemical process by means of which nitrogen is 
incorporated into the edge coating of components. In the 
process a wear-resistant contact coating composed pri- 
marily of iron nitrides and a diffusion area are produced. 
Both coatings are of great importance to the operational 
life of presses. 


Conventional plasma nitriding processes used to result 
in partial overheating during the hardening of press 
matrices. Because of this, tools would later break down 
prematurely. The pulsed plasma prevents this. The 
plasma output is reduced to the exact mass required for 
the transfer of the material. Moreover, plasma pulse 
nitriding is impressive because of its ability to adhere to 
the closest tolerances and to create surfaces with optimal 
qualities. 


At present several manufacturers, among them Eltro, 
Ltd., in Baesweiler, North-Rhine Westphalia, offer pro- 
cess-control computer-controlled kinds of equipment 
that function reliably and are simple to operate since 
operating programs designed for them are delivered 
along with them in the computer’s memory. Compared 
with other nitriding processes, this kind of equipment 
guarantees: 


—coatings that can be reporoduced at any time and 
whose properties can be adapted to the requirements 
of the component or tool in question, 


—minimal media consumption (electrical energy, gas, 
water), 


—equipment technology user-friendliness and reli- 
ability. 
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Fiber-Reinforced Glasses Developed: Structural 
Material, Custom Tailoring for Many 
Applications Possible 


93W'S0685A Duesseldorf HANDELSBLATT in German 
No 168, | Sep 93 (article received 31 Aug 93) p 23 


[Article by Dr Wolfram Beier, Schott Glass Works, 
Mainz] 


[Text] Modern technology involving optics and elec- 
tronics would not be feasible without special glasses and 
glass-ceramics. Is it possible to use glass as a structural 
material in machine construction? So far all attempts of 
using glass in this capacity were thwarted by its one long 
known property: brittleness. This limitation has now 
been removed by embedment of long fibers into a glass 
or glass-ceramic matrix. 


Development of such fiber-reinforced glass materials 
was one goal of a project supported by the Federal 
Ministry of Research and Technology. The partners in 
this project were Schott Glass Works in Mainz, the 
Technical University in Berlin. and the Karlsruhe Uni- 
versity. The new composites feature, above all, desirable 
mechanical properties: while conventional glasses can 
withstand only small flexural stresses (up to about 80 
MPa), reinforcement with long carbon or silicon carbide 
(SiC) fibers raises the allowable stress to 800 MPa and 
higher. 


Besides its about 10 times higher strength, long fiber- 
reinforced glass is also more ductile and over hundred 
times tougher. Above all, moreover, the catastrophically 
detrimental brittleness is being converted into stepwise 
fracture occurring under much heavier loads. This 
‘“damage-tolerant” behavior allows sufficient time for 
replacement of structural members prior to their failure. 


Fiber reinforcement makes the binder strength indepen- 
dent of the surface condition, in glaring contrast with the 
low tensile strength of plain glasses due to surface 
microcracks. The surface of these new materials can be 
broken without seriously impairing their strength. Holes 
can be drilled in structural members made of these 
materials for fastening them with screws to metal parts. 


The low specific weight (four times smaller than that of 
steel) is a universally advantageous feature of fiber- 
reinforced glasses, making them particularly desirable 
for periodically moving structural members. The new 
composites have, however, a still wider range of capabil- 
ities. Depending on the grade of glass and the kind of 
fiber material, they can withstand temperatures up to 
800°C and thus temperatures which materials such as 
fiber-reinforced plastics cannot withstand. 


The thermal capacity of the new materials 1s relatively 
high and their thermal conductivity is adjustable, for 
specific requirements, from low to medium: low with 
reinforcing SiC fibers and up to 20 W/mK with rein- 
forcing carbon fibers. Also other properties of the new 
composites, just as their thermal and electrical ones, can 
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be appropriately “custom tailored.” The material can, 
for instance, be designed for an application requiring an 
extremely small thermal expansion. Thermal expansion 
coefficients far smaller than those of quartz glass can be 
ensured by correct choice of component materials and 
skillful arrangement of the reinforcing fibers. 


Interesting are also the tribological characteristics. A 
friction coefficient of only 0.1 in dry rubbing against 
steel, for instance, 1S attainable by reinforcement with 
carbon fibers. The wear rate in dry sliding is low too. 
This behavior under dry conditions and emergency 
conditions is attributable to formation “pockets” full of 
graphite. 


High Resistance to Fracture Owing to “Pull-Out” 
Effect 


In the final analysis, development of new c »mposites 
with these favorable characteristics requires that the 
microstructure of the material be known and ways of 
controlling be understood. An insight in the microme- 
chanical behavior can be gained, among others, by 
examination of fracture surfaces, fracture in this case 
being evidently attended by piecewise pull-out of many 
fibers from the glass-ceramic matrix. 


The “pull-out” effect is, along with other mechanisms, 
responsible for the high resistance of the new materials 
to fracture and their “quasi-ductile” fracture, inasmuch 
as pulling out fibers requires much work for fracture to 
take place. The bond between fibers and glass or glass- 
ceramic must not, therefore, be too strong. Were the 
bond to be too intimate, cracks would simply shear the 
matrix as well as the fibers into crumbles before pieces of 
fibers had been pulled out. 


The process patented by Schott for making long fiber- 
reinforced glasses facilitates control of the fiber-matrix 
interface. A “sol-gel” solution, for instance, injected 
during the process serves this purpose very well. Use of 
this additive makes it possible to achieve the desirable 
interface modification. With addition of the sol-gel one 
can also, at the same time, adjust the composition of the 
glass matrix and its properties. 


Some combinations of components (e.g., SiC fiber + 
Duran glass) are almost ripe for practical use. All it takes 
now is to find applications in which the unique combi- 
nation of properties will be effectively utilized so as to 
justify the higher material cost. 


The higher cost of the new composites is due to the high 
prices of fibers, considerably higher than those of stan- 
dard materials such as steel and cast iron. Even the 
cheapest carbon fibers cost still today about 30 DM/kg. 
Then there are high-performance fibers on the market 
which cost from 10 to 100 times as much. Furthermore, 
production of composites is at this time also quite costly 
because it involves hot pressing. 


Targeted applications should not, however, be thought of 
in terms of price per kilogram. The engineer should 
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rather contemplate the available custom-tailored solu- 
tions to special problems, problems which could not be 
tackled with conventional materials. 


Ideal applications would be not too large structural 
members of simple shapes which not only feature light 
weight, high strength, and high resistance to fracture but 
are also possibly capable of withstanding elevated tem- 
peratures. It would be challenging when incidentally 
additional requirements such as certain tribological 
characteristics, small thermal expansion, or anisotropy 
of mechanical properties were to be met. 


It 1s to be noted, in conclusion, that less costly alternative 
preduction processes have been considered and appear 
to be feasible. Joint development activity by Schott and 
interested users is conceivable. 


Research in Intermetallic Alloys: Ni-Al Turbine 
Blade Needs Aid for Development 


93WS0685D Duesseldorf HANDELSBLATT in German 
No 164, 1 Sep 93 (article received 31 Aug 93) p 24 


[Article by Gerhard Sauthoff, doctor of natural sciences, 
Max Pianck Institute of Iron Research GmbH, Duessel- 


dorf] 


[Text] Basic research is underway at the Max Planck 
Institute for Iron Research in Duesseldorf concerning 
the feasibility of developing intermetallic alloys exposed 
to 1100°C and higher temperatures. A turbine blade built 
for this research with a Ni-Al-Ta alloy has been found to 
have adequate strength and corrosion resistance but 
insuffient toughness. The results obtained so far suggest 
that further research will, indeed, make operation at 
1 200°C possible. The necessary funds and time should be 
made available without delay, in order to maintain and 
possibly improve Germany’s present market position in 
the international contest. 


AEROSPACE 


Russian Space Glider Design of Interest to 
European Space Organization 


93WS0636A Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT__ 
in German 5 Jul 93 p 10 


[Article by Wolfgang Engelhardt: “Russian MAKS Space 
Glider Project Could Be of Interest to Europe Too; Starts 
Out on Back of Huge Aircraft; Three-Component Fuel 
Supposed to Provide More Thrust} 


[Text] Frankfurt—Since the countries of the European 
Space Agency (ESA) have for the time being abandoned 
construction of the Hermes space glider, they have been 
looking for alternatives to that sort of small astronaut 
transporter in potential international partners. The Rus- 
sian MAKS [multiple-use aerospace system] project also 
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does not appear to be without appeal in connection with 
this, but it has not been developed any further than the 
planning up to now. 


Under closer scrutiny, however, MAKS will probably 
not be any cheaper than Hermes either, as long as we do 
not speculate that wages in Russia will continue to be 
very low. The MAKS shuttle study provides for an 
almost 20-meter-long winged space glider whcih bears a 
striking resemblance to early Hermes designs. 


But this minishuttle sits on a big, drop-like fuel tank. 
Both components are taken together on a big, AN- 
225-type six-jet aircraft to an altitude of 10 to 12 km and 
are then released. Then MAKS is supposed to climb to 
the planned orbit with its own twin-engine rocket drive. 
The AN-225 was earlier named as the carrier for the 
single-stage British space glider, Hotol, but it has scarcely 
been publicly discussed any more lately. 


The MAKS configuration with tank and orbiter is 46.3 
meters long and weighs 275 tons after being released 
from the carrier aircraft. The space glider alone weighs 
barely 30 tons. Weighing only 11 tons, the aluminum 
tank holds 237 tons of cryogenic fuel. Cold hydrogen is 
stored in the nose, liquid oxygen in the midsection, and 
there is a smaller container for kerosene in the rear. This 
three-fuel rocket propulsion is supposed to produce 
higher power. 


The MAKS orbiter has the shape of an aircraft, with 
delta wings, rudder unit on the tail end, and a big loading 
hatch with a two-door cover that opens upward. The 
orbiter is 19.3 meters long and has a wingspan of 12.5 
meters at a height of 5.5 meters. The loading bay is 6.8 
meters long and 2.8 meters wide and deep. But the load 
volume comes to only 20 cubic meters. 


The MAKS system payload capacity is given as 8.5 tons 
for a low orbit around earth near the equator and may 
consist of astronauts and/or freight. There are normally 
at least two pilots on board, but a MAKS-T version 
designed for freight alone is being studied, which could 
carry a 20-ton payload into a low orbit. 


These data are a!l valid for an orbit at an altitude of 200 
km overthe earth’s surface with an orbital plane inclina- 
tion to the equator of 52°. The MAKS space glider was 
designed by the well-known Russian engineering office, 
NPO Molniya, with the aid of conventional technolo- 
gies. In the process, the experience acquired during the 
development of the Buran space glider was applied. 


The high-energy MAKS propulsion system represents an 
unusual feature of the glider since the cryogenic fuels, 
liquid hydrogen and liquid oxygen, are further enriched 
around the kerosene components, which provides for a 
10-percent increase in thrust during lift-off, as the Rus- 
sian experts say. This new rocket propulsion was devel- 
oped under the project name, RD-701, by the big NPO- 
Energomash consortium headed by Boris Katorgin. 
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The propelling nozzles of the thrustor, which consists of 
two engine chambers, can be lengthened to increase the 
thrust in the vacuum from 3.8 to 5.4 meters. The outer 
diameter is 2.4 meters. The MAKS drive burns all three 
fuel components during the first stage at lift-off, but in 
space only the hydrogen and oxygen, which produces a 
high specific impulse, that is, high minishuttle speeds. 


Like all modern Soviet rocket drives, the RD-701 also 
operates with thrust boosting, with which the exhaust 
gases from the fuel pump are once again fed into the 
main thrustor. The MAKS orbiter power plant also 
includes an attitude control system with smaller tanks 
and rocket nozzles on exposed positions to have triaxial 
control of the space vehicle. 


The MAKS mission begins with the mounting of the 
minishuttle on the big fuel tank, which is in turn 
attached to the aircraft. The whole vehicle combination 
weighs nearly 620 tons at lift-off. About an hour after 
lift-off, the big tank with the space vehicle mounted on it 
is released. The AN-225’s wide range enables it to even 
reach the equator with lift-offs from median latitudes as 
well, which is of interest for an application payload. 


Shortly before reaching the orbital speed of 7.9 km per 
second, the dual thrustor mounted on the rear of the 
MAKS is switched off and the empty fuel tank is 
jettisoned. With the aid of small boosters the orbiter 
finally reaches its erbit at an altitude of 200 km. With 
smaller payloads orbits at an altitude of 800 km are also 
possible. Then the planned mission operation begins. At 
the end of the orbit mission small auxiliary rockets fire, 
reduce speed, and thus guide the space glider back into 
the atmosphere. It is supposed to be able to land on 
practically any concrete landing strip that is long enough. 


The MAKS design has been under development since 
1982. There are already engineer models of the orbiter. 
However, the RD-701 rocket drive is still in the project 
stage. If the development studies are accelerated, the first 
flight could perhaps take place by as early as 1997. It is 
estimated that the total cost to the Russians to develop it 
will come to $7.5 billion, which naturally does not 
include the appropriate expenditures for the carrier 
aircraft. However, American experts think that a 
financing figure of at least $12 billion is more likely 
According to the Russians’ calculations, evey lift-off will 
probably cost $100 million. By way of comparison: It is 
anticipated that a European Hermes shuttle flight will 
cost $350 million. Despite this relatively favorable out- 
look, whether, how, and when the Russians will actually 
implement the MAKS project is completely uncertain. 
For the time being ESA is also very short of money. 
Some of the member countries do not even want to 
collaborate on the Columbus space station, to say 
nothing of an even substantially more costly space glider 
project. 











Germany: Rotex Robot To Relieve Astronauts 


93WS0636C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 7 Jul 93 p 8 


[Unattributed article: “Robots Can Relieve Astronauts; 
Rotex Master Stroke Was Capturing a Free-Floating 
Cube”’] 


[Text] Bonn (AP)}—On future space missions robots will 
increasingly take over tasks, but they will not be able to 
completely replace human astronauts in the foreseeable 
future. The scientists who participated in the evaluation 
of the robot technology experiments (Rotex) in connec- 
tion with the second German space lab mission (D2) 
came to this conclusion in May. 


As Prof. Gerd Hirzinger of the German Aerospace 
Research Institute, Inc., (DLR), Cologne-Porz, in Bonn 
explained, with limited intelligence, robots can release 
astronauts from routine tasks and maintenance and 
servicing chores outside the lab and in this way con- 
tribute to a lowering of space costs. But a fully intelligent, 
autonomously operating robot is not in sight over the 
next 20 years. 


In Hirzinger’s estimation, Rotex has brought Germany 
to the peak of robot technology in space. He said that 10 
international observers had with surprise stated that they 
had not expected a level of technology that far advanced 
in Germany and that they now wanted to fundamentally 
rework their own ideas about space robotics. 


With Rotex, for the first time in the history of space 
research, a small robot arm provided with local intelli- 
gence had flexibly carried out typical tasks in the three 
possible operating modes, namely: first, preprogrammed 
and reprogrammed from the ground during the mission; 
second, remote-controlled by astronauts with a special 
ball tap; and third, remote-controlled from the ground. 


The grasping arm was equipped with 16 sensors, among 
them two moment-of-force sensors in the carpus, nine 
laser rangefinders, tactile sensors in the fingertips, and a 
miniature stereo camera. The intelligence based on these 
sensors made it possible for them to send the robot only 
rough commands like “grab the cube,” which it then 
independently refined. 


With this equipment, Rotex opened and closed bayonet 
catches and took apart and put together mechanical 
components, among other things, during the D2 mission. 
The master stroke was a problem that now and then 
creates difficulties for astronauts too: Rotex—in the final 
phase fully automatic—captured a cube that was floating 
through the space lab. 


As Hirzinger further reported, Rotex technology is also 
already being used on earth: The sensor ball will be 
manufactured and sold under license by a computer 
mouse manufacturer as input equipment for 3D 
graphics. Other Rotex components will be used in med- 
ical technology. 
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Germany: DLR Develops Remote Sensing 
Systems 


MI1310131893 Cologne DLR NACHRICHTEN 
in German Aug 93 pp 22-27 


[Article by Dr. Robert Backhaus, Dr. Peter Bauer, Erik 
Borg, and Gerald Braun of the Space Systems Analysis 
Department at DLR [German Aerospace Research 
Center], Cologne-Porz: “Technology Assessment of 
Earth Observation with Regard to Environmental Stra- 
tegic Aspects: Use of Remote Sensing for Environmental 
Policy; first paragraph is DLR-NACHRICHTEN intro- 
duction] 


[Text] Technology assessment covers not only the effects 
of a given technology on the environment, society and 
the economy, but also targeted technological solutions 
for a specific problem. Environmental problems 
undoubtedly pose a major challenge to such problem- 
induced technology assessment. 


Obviously, the first technologies which come to mind are 
those concerned with reducing toxic and noise emis- 
sions, i.e. filtration, treatment and insulation processes. 
However, environmental researchers and politicians are 
increasingly realizing that targeted monitoring of emis- 
sions is not enough, but account also needs to be taken of 
widespread and long-term interactions in the ecosystem. 


Such problems as the long-lasting nature of agricultural 
and forestry production, the safeguarding of natural 
water resources, and preservation of species diversity 
cannot be addressed purely in terms of pollution of the 
areas affected. Potentially successful strategies for 
solving such complex environmental problems require 
not only specific preventative action; they also require 
research to be complemented by monitoring of eco- 
system conditions, and their dynamics, standardized to 
the optimal degree. 


Such monitoring must supply ongoing information to 
environmental or administrative authorities on such 
issues as how the present state of the ecosystem should 
be assessed; whether it is moving towards a targeted, 
predefined environmental objective or whether mea- 
sures which have been taken are working within the 
intended areas and timescales. 


This problem forms the background to the BMFT [Fed- 
eral Ministry of Research and Technology]-funded 
project, Analysis of Space-Based Reconnaissance Sys- 
tems with Regard to Environmental-Strategic Aspects 
(ARETUSA), being conducted by DLR’s Space Systems 
Analysis Department. This project aims to study the 
potential of earth observation technology for the design 
and application of environmental strategies. As many 
environmental problems, such as those mentioned 
above, are connected with widespread transport and 
interchange processes, together with structural changes 
at surface levels, earth observation from space provides 
extensive scope for effectively supporting the design, 
application and control of strategies for safeguarding our 
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means of existence. The concept of earth observation 
technology covers not only observation instruments and 
satellites, but extends through processing and distribu- 
tion methods to usable image or data products. The 
ARETUSA-A preliminary project conducted in 1992 in 
conjunction with the Juelich Research Center’s Theoret- 
ical Ecology Team focused initially on environmental 
objectives in the biosphere and in soil conservation. The 
content of ARETUSA was also complemented by a 
technology assessment project concerned with soil con- 
servation and soil conservation concepts in the new 
laender, carried out jointly with the VDI [German Engi- 
neers’ Association] on behalf of the BMFT. 


The diagram |not shown] places special emphasis on 
information feedback concerning the strategic objective 
between the ecosystem and empowered environmental 
politicians or administrators; no attempt has been made, 
however explicitly to include the dimensions of space or 
time, or to describe in detail the ecosystem as a strategic 
object, or the social and economic contexts. 


This feedback enables evaluation of the ecosystem, or 
more specifically of observed ecosystem states and of 
dynamic trends of the ecosystem, in connection with 
anthropogenous influences or environmental policies in 
force. The incomplete state of information on the eco- 
system makes such evaluation and ongoing feedback 
between evaluation findings and environmental-political 
decision-making processes an indispensable heuristic 
element, making it possible: 


—To adapt or further develop environmental policy 
measures; and 


—To reformulate functional objectives, if necessary. 


A major problem is that of defining functional objectives 
which can be scientifically justified, or are already so 
justified. Here, it is necessary to take account both of the 
influence of economic and social factors, and of nature’s 
ability to determine the ecosystem. In a specific eco- 
nomic context, this means integrating the principle of 
sustained continuity into the overall economic equation; 
this requirement is assuming ever-greater importance in 
environmental discussions, though it has yet to progress 
beyond being just a moral appeal. 


An additional task is the modeling of suitable deter- 
mining factors or indicators. Here, it is crucial to inte- 
grate functionally those factors which are: 


—Critical in terms of functional objectives; 


—Are achievable through political and administrative 
measures; and 


—Are sufficiently accessible in terms of measuring or 
observation technology. 


Using models which meet this requirement, an evalua- 
tion which is capable of being interdisciplinarily checked 
can be carried out using a purely descriptive approach. 
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In order to enable the information evaluated to be 
applied in terms of environmental policy or administra- 
tion, the environmental information systems must, in 
addition to their descriptive data content, also contain 
definitive functional objectives and corresponding eval- 
uation parameters and data. 


Operationally, the use of earth observation appears 
desirable and appropriate wherever the formulation of 
Strategy and the monitoring of success is dependent on 
data relating to the area concerned which are collected 
continuously. 


Potential Uses of Remote Sensing 


Earth observation is not intended to replace conven- 
tional types of in situ investigation, but to optimize and 
extend them as appropriate. The relationship between 
the widespread but less detailed information from earth 
observation and detailed in situ point information not 
covering an entire area must be established by devising 
and verifying area or spatial models. Operational incor- 
poration of earth observation data into environmental- 
strategic approaches therefore requires: 


—The collection of data concerning the area (spatial) 
and time parameters of appropriate physical parame- 
ters which can be related to the structural and quali- 
tative characteristics of the obyect; 


—Account to be taken of remote sensing data in defining 
the structure and the interfaces of information : ystems 
(including both geographical and specialist informa- 
tion systems). 


The potential for utilizing earth observation data in 
environmental strategies has been investigated in detail 
using selected strategic objectives or problem areas. 


The selection criteria were: 


—aA constant and intensive anthropogenous influence on 
the natural region observed: 


—Scope for differentiated and institutionalized mea- 
sures of environmental policy on a spatial or timescale 
relevant to the strategic objective; and 


—Scope for innovative information flow from the 
remote sensing. 


These criteria relate particularly to the set of problems of 
sustained land utilization in regional ecosystems, and 
thus to the environmental objectives of biotope conser- 
vation and soil conservation. 


In contrast, the set of problems covered by the concept of 
global change, particularly the whole field of climate 
change and stratospheric ozone depletion, are already 
the subject of extensive international or internationally 
agreed research and monitoring programs incorporating 
earth observation data. 
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Medium-term climate change dors however impose 
boundary conditions which take priority on a regional 
scale for the terrestrial and marine biosphere and for 
land use. 


Analyses and, particularly, forecasts of the regional 
effects of climate changes depend crucially on increases 
in the precision and regionalization of climate models. 
This problem has been investigated, concentrating on 
satellite-supported collection of data concerning water 
vapor and precipitation. 


Regionally differentiated effects of climate change on the 
dynamics of marine phytoplankton, particularly in the 
temperate and marine ice-free upper latitudes, can also 
be expected. 


For this reason, there has also been investigation of the 
extent to which observed plankton distributions or 
growths can be interpreted using a suitable growth 
model, in order to use the resulting complex indicator 
function of the phytoplankton resulting from various 
ecological relationships for environmental-strategic 
objectives. Some major findings and results of the study 
are briefly set out below. 


Satellite Remote Sensing of Water Vapor and 
Precipitation 

The systems currently in orbit, using the NOAA-K to Q 
series and operational meteorological components of the 
EOS and focusing on the tropics using TRMM [Tropical 
Rainfall Monitoring Mission], can generally be consid- 
ered an adequately well-equipped earth observation 
structure. Precipitation observation has reached new 
standards through the use of TRMM, and needs to be 
continued by means of further missions of this kind. In 
particular, the attachment of passive and active micro- 
wave sensors must be considered a necessary option. It 
would be desirable to extend these systems through 
sensor configuration of the EOS [earth observation struc- 
ture] platforms, though their use will be delayed until 
2000. Overland measurement, particularly of precipita- 
tion and cloud-borne water, is strongly underrepre- 
sented. Determining cloud-borne ice requires higher- 
frequency microwave channels and polarization 
separation. The planned systems use polarization only 
up to 85 GHz, preventing scope for a major source of 
information from being used. 


Remote Sensing of Input Parameters for a 
Phytoplankton Growth Model 


The use of satellite data is currently limited to the 
monitoring of concentrations of chlorophyll and sus- 
pended matter. Optimal use is not being made of the 
satellite data available, particularly with regard to irra- 
diation, though the growth-determining factors are pre- 
dominantly accessible to remote sensing. Modeling of 
phytoplankton growth on regional and global scales 
instead was mainly based on rough assumptions 
regarding external factors. 
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For theoretical reasons, parameters not currently detect- 
able by remote sensing can only be measured in situ. 


The continuity of remote sensing of chlorophyll distri- 
bution remains uncertain at present. 


Conservation of Species, Biotopes and Landscapes 


The overall landscape structure visible in satellite pic- 
tures is largely molded by naturai biotope diversity or by 
the kind and intensity of human use. For example, it is 
well known that the diversity of biotopes, and hence of 
species, of an agricultural landscape which has been 
exploited mechanically is far smaller than that of a 
comparable area which has been subjected to more 
extensive use. The same applies to forestry monocultures 
in comparison with almost natural mixed woodlands. 


The differing complexity of the biotope siructure of 
these (and other) landscape types can be expected to be 
visible in suitably classified satellite pictures. and to be 
capable of being digitalized using suitable parameters. 
Such structural parameters could, if their formulation or 
weighting were adjusted to given regional or landscape 
conditions, be used to support species and biotope 
conservation programs. 


Results so far have shown that, building on and 
extending previous thematic mapping processes, incor- 
porating picture structure into the evaluation process 
leads to major gains in information, and can in partic- 
ular assist in quantitatively evaluating the ecosystem 
state, in terms of the environmental objective. from the 
information in the picture. As structural parameters of 
terrestrial areas are linked in complex ways to numerous 
geographical and biological functions, analyzing such 
parameters enables highly-integrated data to be collected 
concerning the state and dynamics of the observed 
ecosystems. 


Analysis of literature data on the minimum area require- 
ments of central European biotopes and fauna specics 
has shown that the required biotope areas can to signif- 
icant extents be spatially interpreted using such systems 
as LANDSAT TM, SPOT and KFA (the Russian space 
camera). 


Structural-analytical evaluation models supported by 
remote sensing appear to have promising potential appli- 
cations in such fields as: 


—The reconstruction of potentially natural vegetation 
formations in mountainous regions: 


—The evaluation by area of biotope structure and 
variety in agricultural landscapes. 


Soil Erosion 


Differentiated planning and monitoring of soil conser- 
vation programs requires operational monitoring sys- 
tems. These need to take account of the fact that large 
scale of erosion processes and the powerful dynamics of 
influencing factors make major demands in terms of 
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time and cost. There is no doubt that the operational 
efficiency of a monitoring system is severely restricted by 
the amount of work required in situ, so that the provi- 
sion of necessary information concerning a large area 
cannot depend entirely on terrestrial collection. 


The design of a monitoring system must therefore be 
based on a model of the erosion process, which takes 
adequate account of the operational boundary condi- 
tions for devising input parameters. 


A number of effective models for assessing erosion have 
already been developed. To enable them to provide 
effective support for erosion-prevention measures, these 
have primarily been designed to provide reference data 
on the scale of erosion processes as they occur. 


The further a model is developed, the greater is the cost 
incurred in collecting the input data; this fact generally 
limits the operational effectiveness of such models. 


This problem has formed the basis for a concept for an 
area-based model and simulation of erosion potential or 
risk, incorporating a large number of physically defin- 
able parameters, and enabling data to be collected and 
integrated with the help of remote sensing. 


Future Prospects 


A second project phase, ARETUSA-B, is expected to 
supply and verify evaluation algorithms concerning an 
area for quality criteria which are relevant to environ- 
mental policies, such as the degree of degradation of a 
landscape, biotope diversity, and threats to biotopes. In 
addition, there are plans to integrate the concept of 
assessing erosion risk into the EC EROSLOPE project. 


France Sets SPOT-3 Launch Date 
93WS$0691B Paris AFP SCIENCES in French 2 Sep 93 
ps5 


[Text] Paris—The European rocket Ariane will launch 
the French earth observation satellite SPOT-3 during the 
night of 24 and 25 September from Kourou, announced 
an Arianespace communique on 27 August. 


An incident during testing of SPOT’s electronic circuits 
prompted officials to delay its launch—which was ini- 
tially scheduled for the night of 31 August to | Septem- 
ber—last 6 August. Arianespace says that “the result of 
interventions and checking done” on the equipment 
makes it possible for the satellite’s developer, the CNES 
(National Center for Space Studies), to proceed with 
final preparation of SPOT-3. Work to prepare the 
launcher will resume |7 September. 


The European rocket’s 59th launch is scheduled for the 
night of 24 and 25 September, between 10:27 and 10:45 
p.m. Kourou time, or 01:27 and 01:45 UT, on the 25th. 
It will be the third SPOT-family satellite to be launched 
by Ariane, fcllowing SPOT-1 on 21 February 1986, and 
SPOT-2 on 21 January 1990. 
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SPOT-3 consists of a “multimissions” platform fea- 
turing two optical sensors and a telemetry system. It also 
Carries an additional payload, christened STELLA, to 
conduct scientific experiments involving space geodesy. 


The CNES is working with Belgium and Sweden to 
develop SPOT in conjunction with the National Geo- 
graphic Institute (IGN) and a number of manufacturing 
companies. The CNES’s subsidiary SPOT-Image mar- 
kets SPOT pictures. 


The Ariane rocket, equipped with the ASAP structure, 
will carry five extra passengers on SPOT-3’s launch 
iuight. They will include: Healthsat-1, built by Great 
Britain’s Surrey Satellite Technology Limited to keep 
doctors and students informed of medical news and 
research; Posat-! of LNETI’s (Laboratorio Nacional de 
Engenbaria e Technologia Industrial) Consorcio Po-Sat, 
designed to train Portugal’s industry in space applica- 
tions; Kitsat-B of SaTReC (Satellite Technology 
Research Center), which was integrated and tested in 
Korea; Eyesat-A of Interferometrics (United States), 
whose main mission is to pinpoint and monitor indus- 
trial equipment; and Itamsat, also built by Interferomet- 
rics for an association of Italian ham-radio operators. 


Arianespace has signed | 4 contracts since the year began, 
and now has orders for 41 satellite launches worth an 
estimated Fr18.6 billion, says the European launcher’s 
management and marketing firm. 


Germany: New Combustion Chamber Designs To 
Reduce Aircraft Emissions 


93W’S0698 Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 17 Aug 93 p 8 


[Article by unidentified author ““New Combustion 
Chamber Designs Should Help Reduce Harmful Emis- 
sions; Liquid Hydrogen as Alternative Fuel; MTU Gas 
Turbine Study”} 


[Text] Airplanes release harmful emissions at atmo- 
spheric levels that strongly influence the earth’s climate. 
As a result, manufacturers of turbines designed for use in 
aircraft are seeking to reduce as much as possible the 
amount of emissions generated by these turbines. 
German Aerospace AG (DASA) is currently studying 
modifications of the combustion chamber, which is 
believed to play a major role in the production of 
emissions. Of the five flying maneuvers (take-off, ascent, 
landing approach, taxiing [rolling to a stop following 
landing], and cruising), cruising occupies the greatest 
percentage of flight time. Because the highest quantities 
of nitric oxide are produced during this period, harmful 
emissions at high altitudes are the subject of particular 
attention. In addition to nitric oxide, which is feared to 
have a detrimental effect on ozone content, vapor emis- 
sions can also be harmful. Because the water vapor 
immediately forms ice clouds, it could conceivably con- 
tribute to an intensification of the greenhouse effect. 
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There are three possible ways to reduce engine emis- 
sions: An environmentally safe fuel could be used; the 
combustion process itself could be altered; or an attempt 
could be made to reduce emissions by reducing the 
specific fuel consumption. Liquid hydrogen produces no 
carbon dioxide emissions. Consequently, the Motor and 
Turbine Union, Inc. (MTU) and German Aerospace 
Airbus have joined efforts to test it as a possible alter- 
native tuel. It does, however, produce two and one half 
times the amount of water vapor emissions. MTU is 
currently conducting a study on a gas turbine to deter- 
mine to what extent it can be verified that hydrogen 
combustion produces less nitric oxide. The boundary 
conditions for influencing the combustion process in this 
turbine are particularly promising, because combustion 
occurs continuously, uninterrupted by constant ignition 
and quenching processes. Furthermore, it is possible to 
select the mixture ratio, and consequently the tempera- 
ture in the primary combustion space, without regard for 
the turbine entry temperature. There are still technical 
difficulties to be overcome in the design of low emission 
aircraft engines, however. Additional work is needed in 
many areas, including construction, combustion princi- 
ples, the development of calculation and design proce- 
dures, measurement technology, and testing readiness. 
Additional calculation, design, and analysis work will be 
necessary, both to support the underlying research, and 
to prepare the design and subsequent analysis of tests on 
the chambers, production and testing. MTU does not 
expect combustion chambers pr cing at least 80 percent 
fewer nitric oxide emissions than those of today to 
become available until after the turn of the century. 


Italy: Olympus Once Again In Trouble 


93WS0698C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 20 Aug 93 p 8 


[Article by unidentified author: “Olympus Satellite Once 
Again in Trouble; ESA: Two Weeks Leeway For Trouble- 
Shooting and Corrections; Enough Fuel?’’] 


[Text] The experimental communications satellite 
Olympus, which was launched by the European Space 
Agency (ESA) in 1989, has for as yet unknown reasons 
deviated from its normal orientation to the earth. On the 
night of 12 August, the link to the Italian earth station 
Fucino was broken. Since that time, the 2.6 ton, 1.2 
billion German mark [DM] satellite has drifted eastward 
two degrees each day, rotating at a speed of two rotations 
per minute. According to the ESA, the solar generator is 
still! producing sufficient power, and the temperature in 
the housing is remaining constant. The agency should 
still have at least two weeks for trouble-shooting and 
corrective maneuvers before problems develop. It is 
uncertain, however, whether enough fuel is left to stabi- 
lize the position and orbit of the satellite and continue 
transmitting. If necessary, agency officials will determine 
how best to deviate the Olympus from its geosynchro- 
nous orbit. Since its launch, the Olympus has made 
possible many television engineering experiments. 
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Among other things, it has frequently transmitted high- 
resolution television. The Olympus was in the news the 
summer of 1991 as a result of its 64-day rescue opera- 
tion. This incident occurred when control of the satellite 
was completely lost due to a command error. The 
Olympus began to rotate. Its solar generators no longer 
registered correctly on the sun, and its power supply 
slowly dropped towards the critical point. With an 
internal temperature of -60°, the satellite began to freeze. 
It drifted eastward five degrees each day, and conse- 
quently out of the range of reception of the European 
earth station. Fifty technicians succeeded in fixing the 
satellite at 19.2° West, thawing it out, and restoring it to 
full operation. Six months before that, one of the two 
solar cell wings had failed, resulting in a barely sufficient 
power supply. The rescue operation was very costly in 
terms of fuel. As early as the fall of 1991, scientists began 
to have doubts about the lifetime of the satellite. 


Spain: Performance of Olympus Communication 
Satellite Evaluated 

93W'S0708C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 

in German 27 Aug 93 p 10 


[Article: “ESA Gives up on Olympus] 


[Text] C.H. FRANKFURT—Last weekend, the ESA 
(European Space Agency) announced that the Olympus 
communications satellite would have to be given up. 
Attempts at rescue would have exhausted whatever fuel 
still remained onboard and the satellite, which for 
unknown reasons has been rotating uncontrollably for 
days, could not have returned to normal operation. 
Olympus will now be taken out of its geosvnchronous 
orbit. In the more than four years of its operation, the 
experimental satellite has been used by numerous Euro- 
pean and Canadian organizations to help develop and 
test satellite-based communications techniques and ser- 
vices. Among others, the commercial radio programs 
Raisat and BBC World Service were established on such 
a basis. Olympus also served in experiments concerned 
with the transmission of high-resolution television. Last 
April, 300 scientific and technical people met in Seville, 
Spain, to exchange Olympus-based findings. The results 
of that conference have now been distributed, ESA 
reports. Olympus was to have stayed in operation for 
five years. 


France: Seven Satellites To Be Launched by One 
Rocket 

03W'S0713A Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 

in German 8 Sep 93 p 8 


[Article: “France Plans to Launch Earth Surveillance 
Satellite Spot 3°] 


[Text] K.T. Munich—On 24 September, an Ariane 
booster rocket will put the French sun-synchronous 
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earth-surveillance satellite SPOT 3, together with six 
smaller satellites, in their respective orbits. SPOT 3 is the 
direct descendent of SPOT | and SPOT 2, which have 
been in operation since 1986 and 1990, respectively. 
SPOT 3 carries systems for earth photography, which 
will then be radioed to the ground station in Toulouse in 
the 8-Gigahertz sector. 


When the satellite is not within range of Toulouse, two 
recorders store the signals for subsequent transmission. 
The lighter weight of SPOT 3 (only 1.9 tons) permits the 
other six smaller “satellite-passengers” to be carried by 
the Ariane. 


Among these “passengers” is the 48-kg satellite Stella, 
which will carry out geodetic investigations. Among 
other targets of observation are tectonic movements of 
the continents and other factors that might help explain 
the phenomenon of ebb and flow. Laser beams will effect 
high-precision position locations. To accomplish this, 
Stella has 20 chamfers with 60 laser reflectors. 


Healthsat 1, which was built by Surrey Satellite Tech- 
nology Ltd. on contract for the U.S. Satelife organiza- 
tion, is also travelling in this company in a special 
construction, designated Asap 4. Also onboard is Posat 
1, which is operated by the Laboratorio Nacional de 
Engenharia e Technologie Industrial of Portugal. Posat | 
will serve Portuguese industry as a kind of prototype for 
further space experiments. 


Kitsat B, designed by Korea, is also being launched by 
Ariane. Kitsat B will support and expand the activities 
begun on Kitsat A, which was likewise put in orbit by an 
Ariane in August of last year. Still another “passenger” is 
Eyesat A, which was built by Interferometrics of the 
United States. It has been designed to transmit digital 
data to all quarters of the earth. 


Itamsat, which was also built by Interferometrics, will be 
operated byu the Italian amateur radio organization 
Associatione Radioamatori Italiani. Each of these 
smaller “passengers” weighs between 12.5 and 50 kg. 
Designed for a service life of between 5 and 10 years, 
they will be put in near-earth orbits. 


AUTOMOTIVE INDUSTRY 


Siemens Developing Electronic Car “Key” 


93WS0692C Paris AFP SCIENCES in French 2 Sep 93 
p 14 


[Text] Munich—the electrical engineering group Sie- 
mens announced on 31 August in Munich that it had 
developed a computer card that could replace ignition 
keys within a few years. 


Similar to credit cards, the computer card will enable 
drivers to open their vehicles simply by moving the door 
handle. An electronic device inside the car recognizes the 
code on the computer card and unlocks the doors. 
Drivers need only have the card somewhere on their 
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persons—say, in their jacket pocket. Drivers will be able 
to start the car engine the same way, by pressing a 
button. Siemens expects this new system to become 
popular when electric cars do. According to a study done 
by the company, by the year 2001, 500,000 electric cars 
will be registered in the world every year. 


The electric car engines that Siemens plans to mass 
produce starting in January, 1994, will have a mainte- 
nance-free life of 5,000 hours, or some 250,000 km. 
Siemens pointed out that its automobile techniques 
division was one of its strongest growth sectors. Turn- 
over was up 19 percent for fiscal year 1991-92, which 
ended 30 September, to 2.5 billion German marks. New 
orders grew 21 percent, to 2.6 billion. 


BIOTECHNOLOGY 


Netherlands: Researchers Isolate Plant’s Male 
Fertility Gene 


BR0610142293 Rijswyk BIONIEUWS in Dutch 
21 Aug 93 p 3 


[Article by Richard Bezemer: “Cultivators Find Fertility 
Gene’”’] 


[Text] Researchers from the DLO Center for Plant 
Improvement and Reproduction Research [CPRO] have 
succeeded in being the first to identify and isolate a gene 
from another type of plant with the help of a transposon- 
tagging system obtained from corn. The fact that the 
researchers did not find a disease-resistant gene, but a 
male fertility gene, shows how difficult it still is to 
conduct targeted research. 


“The impact of the isolation of a male fertility gene is 
enormous, and yet it is not what we are primarily 
interested in,” said Dr. Willem Stiekema, head of molec- 
ular biology at the CPRO-DLO. With the help of this 
gene it is possible to male-sterilize a plant. Such plants 
are useful in plant breeding. Cross-fertilization is guar- 
anteed; the chances of inbreeding are nil. If, for instance, 
the gene can be inserted into rape, tomatoes, cauliflower, 
broccoli, corn, or sugar beet, seed growers no longer will 
have to top the plants to avoid inbreeding. 


The fact that the feasibility of the research process has 
now been demonstrated is far more important to 
Stiekema’s group. The process is based on transposons. 
These are small pieces of DNA [deoxyribonucleic acid] 
which are able to move spontaneously within the gene. 
This may prevent the gene from expressing itself and 
gives rise to a mutant which can often be characterized 
phenotypically. The first experiments were carried out 
with corn transposons, with a view to improving the 
color of the corn kernels. 


The first transposons were isolated during the 1980's. 
Once the DNA sequence had been defined, it became 
possible to isolate transposon-marked corn genes. A few 
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years later, the working of corn transposons was demon- 
strated in such species as tobacco and tomato plants. 
However, to the great frustration of many researchers, it 
took nearly 10 years before a gene was finally isolated 
which could be traced by this method, that is, without 
any knowledge of the DNA or protein derived from it. 


Thorough Approach 


The researchers from Stiekema’s department, Ph.D. stu- 
dent Mark Aarts, analyst Wim Dirkse, and senior 
researcher Andy Pereira, have set to work very thor- 
oughly to try and obtain conclusive evidence of the 
connection between transposons and a genotypical devi- 
ation. 


A corn En/I transposon system was used. With the help 
of Agrobacterium tumefaciens, the team inserted this 
gene into Arabidopsis thaliana. This fruit fly is often 
used in plant genetics and is characterized by a short life 
span and a limited amount of DNA per cell nucleus. 


The transposon system consists of three elements: 
—A non-mobile En-gene which codes for a transposase; 


—A mobile I-element (the transposon) which is acti- 
vated by the transposase; 


—A hygromycine phosphor transferase gene which pro- 
vides immunity to the hygromycine antibiotic. If a 
plant possesses this immunity, the transposon system 
has been inserted. 


Random Jump 


The problem in transposon tagging is that the process is 
not under control. First of all, the chance that a trans- 
poson succeeds in coming close to the desired gene is 
about one in 10,000 to | million. Thus, a very large 
number of plants need to be grown to obtain a pheno- 
typically interesting example. Moreover, the transposon 
frequently jumps in and out of the gene. This frequency 
depends, among other things, upon the position of the 
chromosome. As a result of this, it is quite possible for 
the transposon to jump out of the mutated area, and the 
self-induced mutation is destroyed again. 


The essence of the demonstration lies in the reversion of 
the phenotype. Says Stiekema: “The mutation of the 
gene which is associated with male fertility, MS2, is 
recessive. Self-fertilization of a heterozygous plant 
results in homozygous mutants for the recessive gene. 
You then have a male-sterile plant. Reversion occurs 
when a fertile branch appears on such a sterile plant as a 
result of a jump made by the transposon from the 
mutated gene. By comparing the DNA sequence of 
different alleles of the MS2 gene via PCR [polymerase 
chain reaction], it is proved that the tagged gene has been 
isolated and that reversion is the result of excision of an 
I-element.” 
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Gene Map 


The Wageningen research group is now setting its sights 
on targeted tagging. Stiekema again: “By isolating the 
gene, we have demonstrated that transposon-tagging 
works, and now we have to find out how we can apply it 
efficiently. Take the potato, for instance. Its genome 
contains about 900 million base pairs. We have about 
300 different plants into which a transposon has been 
introduced. We have determined the genetic position of 
40 transposons. By comparing the positions of these 
transposons with a gene map of the potato, a particular 
transposon can be brought as close as possible to an area 
of interest which is assumed to code for a certain 
characteristic. Activation of the relevant transposon by a 
transposase produces a good chance of obtaining the 
desired mutant, which in turn leads very easily to a plant 
with the desired characteristic.” 


Resistance 


By dint of hard work, disease-resistant genes can be 
encountered in this way. The personnel at the CPRO- 
DLO are working under advantageous circumstances. 
For over 25 years, the institute has been cultivating 
disease-resistant potato varieties, among other things, 
and it has several resistant species at its disposal. The 
immunity genes lie ready for the picking, as it were. 


Still Stiekema thinks that the first transgenetic resistant 
plants will not grow in the fields for another !0 years. “A 
resistance gene has never been isolated. If we get that far, 
we will be able to say more about the mechanisms which 
are at the basis of resistance. Perhaps there are more 
genes involved; or perhaps there is a general principle 
which is active against different sorts of disease. For the 
time being we will remain hard at work.” 


France Develops ‘Suicide Gene’ Therapy 


93WS$0662C Paris AFP SCIENCES in French 5 Aug 93 
pls 


[Article: “Effectiveness of ‘Suicide Gene’ Strategy 
Against Cancer’’] 


[Text] Testing of the effectiveness of a genetic anti- 
cancer strategy, based on the use of “suicide genes,” 
which has been demonstrated by French researchers, is 
expected to reach the stage of a preliminary clinical test 
in France before the end of 1993, and holds promise of 
progress in the fight against AIDS. 


The team led by Professor David Klatzmann, of the 
Biology and Genetics of Retroviral Infections Labora- 
tory (CNRS [National Scientific Research Center] 
Hopital de la Pitie-Salpetriere, in Paris), which has 
succeeded in treating metastases of the liver in animals 
by this method, has published these results in the latest 
issue of PROCEEDINGS OF THE NATIONAL 
ACADEMY OF SCIENCE. 
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The researchers—among them, Professors Jean-Loup 
Salzmann (Hopital Avicenne, at Bobigny) and Didier 
Houssin (Hopital Cochin, in Paris)}—have also tested the 
“suicide gene” method against cancers such as malignant 
melanoma. 


Schematically, the “suicide gene” strategy consists of 
introducing an instruction into the cancerous cells. In 
this case, the signal or order instructs the cells to produce 
an enzyme that, upon the administering of a suitable 
treatment, will systematically kill all the tumoral cells at 
the height of their proliferation. By using this system, the 
medication used in this test—ganciclovir—spares the 
normal cells, attacking only the tumor. 


In 1992, the Kenneth Culver and Michael Blaese team, 
of the National Cancer Institute, at Bethesda (United 
States), using the properties of these suicide genes on 
rats, demonstrated the possibility of producing a regres- 
sion of experimentally-provoked microscopic brain 
tumors (glioblastomes), as reported in the American 
magazine SCIENCE. At the time, Prof. Klatzmann’s 
team had made a comparable demonstration, which it 
has now supplemented determinatively, on larger 
tumors of the liver. 


Deeming these results probative, the American RAC 
[Recombinant Advisory Committee], in 1992, autho- 
rized the American researchers to conduct a preliminary 
clinical test—a “phase |” test to evaluate the tolerance 
and innocuity—in patients with brain cancer (glioblas- 
tome). The initial results of that study, involving more 
than eight patients treated—are expected to be published 
around the end of this year. 


COMPUTERS 


Progress Made in Developing Computer Hearing 


93WS0607C London THE DAILY TELEGRAPH 
in English 23 Aug 93 p 25 


[Article by M.H.] 


[Text] Researchers at Sheffield Universi‘ y have found a 
way to make computers “hear” in a way that mimics the 
human ear. Their computerised model of the human 
auditory system could eventually lead to the develop- 
ment of “intelligent” hearing aid devices. 


The issue of getting computers to understand speech is 
only partly understood. Most work focuses on voice 
recognition: the computer compares the incoming sound 
with sounds stored in a database, and decides what it has 
heard. 


But Martin Cooke, of Sheffield’s computer science 
department, decided to tackle it differently. “We realised 
that the problem is to get the computer to recognise clean 
sound signals. But most sounds in the real world are 
polluted with other sources,” he said. 
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Moreover, computers, being machines, can cope with 
only one sound at a time. In order to understand how he 
could get the computer to deal with multiple signals, 
Cooke and his team investigated how human beings 
distinguish sounds. 


The human ear is sensitive to variations in sound. For 
example, we can walk into a crowded room and listen to 
one conversation, filtering out the background noise. But 
in order for us to distinguish those differences, the ear 
has to do a lot of processing. In essence, it works by 
grouping together sounds which appear to come from the 
same source: 


“Acoustic sources in the natural environment contain 
clues as to which bits hang together. That is, if someone 
is speaking above another noise, such as music, their 
voice hangs together in a common fashion,” said Cooke. 
The computerised model of this works in three steps. 
First it separates the incoming sound signal into dif- 
ferent frequencies, then it looks for organisation in those 
components, finally, it puts them together. 


In the experiment used to demonstrate the model, the 
computer has to distinguish speech when a telephone is 
ringing in the background. It must then attempt to 
regenerate the speech. 


What makes Cooke’s work different from other research 
in this area, is that his software makes no assumptions 
about the source or number of the sounds. 


However, it is still at an early stage and Cooke sees no 
immediate commercial goal. At present, the computer 
does not actually listen to sounds in the room. They are 
recorded separately, digitised and then mixed. And the 
software takes several minutes to process just one second 
of speech. 


Germany: Neural Network Research on Speech, 
Image Recognition 

93WS0657 Frankfurt/Main FRANKFURTER 
ALLGEMEINE in German 11 Aug 93 p N1 


[Article by Olivia Meyer] 


[Text] Recognizing speech or images is an easy task for 
the human brain—but for computers, which are far 
superior to us in many areas, it is still a difficult one. One 
approach to its solution is the simulation of brain 
processes with artificial “neural networks.” Neither the 
possibilities nor the limitations of this procedure have 
yet been thoroughly explored, for even Cray supercom- 
puters or parallel computers do not have the necessary 
response time and storage capacity. The research divi- 
sion of Siemens in Neuperlach has developed a neuro- 
computer called “Synapse” which can accomplish much 
more in this specific area. 


An artifical neural network consists of many parallel 
processors—also known as neurons or nodes—which are 
connected to one another by “synapses.” In general the 
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nodes are arranged in several layers on the analogy of the 
brain, with input and output layers separate. More 
complicated networks have inner (covered) layers in 
addition. 


One of the essential characteristics of neural networks is 
their “learning capacity.”’ During the training phase they 
practice supplying the most correct output data possible 
for a certain input pattern. In the process, with the help 
of preprogrammed learning algorithms (e.g. back propa- 
gation), they modify the strength (weight) of connections 
between the nodes. Later, in the search phase, they 
identify similar patterns quickly without the need for 
explicit programming. 


Which network topology and which learning algorithm 
are selected depends on the presentation of the problem. 
For some years Japanese firms have been producing 
chips on which neural networks with a certain topology 
are hard-wired and some of which also contain a simple 
learning algorithm. The physicist Ulrich Ramacher, who 
conceived the Siemens neurocomputer about three years 
ago, agrees that such chips are ideally suited for real-time 
data processing. But which network type is best suited to 
a given problem has to be known in advance. 


But research is still being done on this very question at 
the moment in the case of speech and pattern recogni- 
tion. Ramacher and his colleagues therefore tried to 
produce hardware which is flexible enough for optimal 
support of all sorts of neural networks and learning 
algorithms. The heart of their computer is made up of 
eight socalled neural signal processors. Such “MA-16 
chips” contain four parallel calculating units on a surface 
of 187 sq. km. These in turn are equipped with four 
“multipliers,” each of which can multiply and add a 
matrix within a single cycle—for conventional proces- 
sors this necessitates running through numerous loops. 
Thus an MA-!6 chip can calculate the states of 16 
neurons with |6 synapses each per cycle; at a cycle 
frequency of 40 megahertz it can accomplish 640 million 
fixed-point connections per second. Non- 
calculation-intensive operations are entrusted to a 
normal microprocessor. 


Large networks are built up of units of 16 nodes each. 
Since the computer has enough space available to store 
64 million weights with 16 bits each, networks with up to 
8,000 nodes can be simulated. For this purpose the 
Ramacher group developed a special programming lan- 
guage which treats matrices as elementary quantities. 
The Siemens scientists have already been able to dem- 
onstrate effectively that this relatively simply con- 
structed computer is living up to their expectations. First 
they implemented a network on their neural computer 
which goes back to the American physicist John Hop- 
field and has a strongly associative character. Here all 
neurons are joined in a network; they can both receive 
input data and provide output data at a later time. 


Within 62 milliseconds, the computer which has been 
programmed in this way can reconstitute eight letters 


JPRS-EST-93-034 
2 November 1993 


which have faded to the point of unrecognizability, or 
complete protrait photographs in which the eyes of the 
persons pictured are covered. For the same task a Sun 
workstation requires at least 8,000 times as long. A 
week’s work on the Sun corresponds roughly to one and 
a half minutes on the neurocomputer. Thus time, and 
therefore money, is saved in the optimization of neural 
networks. However, Ramacher is not yet satisfied with 
the results. The reason is that the Hopfield networks do 
not represent the most favorable solution. 


Physicist Christoph von der Malzburg of the Institute for 
Neuroinformation Technology at the University of 
Bochum has made models of neural networks which can 
do more than the Hopfield networks: in the training 
phase they determine the typical characteristics of a face. 
Later they can recognize it even if it is grimacing, for 
instance, or wearing sunglasses. in his experiments von 
der Malzburg has to wrestle with the long processing 
time, since the 22 transputers connected in parallel on 
which he has simulated the networks so far need about 
20 seconds even for a search run. The time element can 
become a critical factor particularly in the training 
phase, which lasts up to 100,000 times as long as the 
search phase. 


Ramacher and von der Malzburg, along with Siemens 
Corporate Research at Princeton University in America, 
hope to coordinate their research activities in future. The 
ultimate goal of their efforts is the development of an 
“electronic eye.” The neural computer will usher in this 
era by making it possible to perform rapid experimental 
evaluations of various models and theories. This is the 
prerequisite for obtaining small, cheap and compact 
systems which can be used in many different ways, for 
example in inspecting electronic platinums or as elec- 
tronic vision enhancers for drivers of commercial and 
private vehicles. 


Germany: Computer Integrated Manufacturing, 
Engineering Reported 

93WS0698B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 18 Aug 93 p 8 


[Article by unidentified author: ““CIME Technologies to 
be Billion-Mark Industry by 1995; MetalWorking and 
Electromechanics Need to Catch Up; Southern Euro- 
pean Countries Also Increasing Investments”’] 


[Text] Despite the recession, most European countries 
are still investing in Computer Integrated Manufacturing 
and Engineering (CIME). This is the conclusion of a joint 
study conducted by Gepro (Association for Production 
Engineering and Organization, mbH) (Kackerstrasse 10, 
52072 Aachen) and consulting firms specializing in 
Computer Aided Technology Network (CATN). More 
than 450 European firms in the automotive, aviation, 
metal-working, machine-building, electromechanical, 
and electronics industries were surveyed. CATN con- 
sulting agencies expect these industries to invest a total 
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of approximately ECU 12 billion (approximately 24 bil- 
lion German marks [DM]}) in CIME technologies during 
1995. This represents an annual growth rate of 5.7 
percent for the years between 1991 and 1995. The study 
indicates that Germany and France are the primary 
investors into CIME technology. Nonetheless, southern 
European countries are increasing their investments into 
these technologies and seeking to take advantage of an 
extensive computer support system. The CIME market 
in these countries is expected to grow at a rate of 
approximately 11 percent. Most industrial branches are 
quite advanced in their use of CIME technologies. How- 
ever the metalworking and electromechanical industries 
are lagging behind. The study predicts that these two 
industries will make a concerted effort to make up for 
lost time, and will increase their use of electronic data 
processing technologies. In contrast, the electronics 
industry, which presently makes more use of CIME 
technologies than any other industry, is expected to 
somewhat curtail its investments into computer aids 
over the next few years. The study predicts an annual 
growth rate of only 4.3 percent within this industry. The 
study, for which not only the management, but also the 
individual departments of the respective firms were 
polled, indicates that the market for traditional com- 
puter-aided design (CAD) technologies is largely satu- 
rated, and predicts an annual growth rate of only 1.8 
percent. It does state, however, that industries are appar- 
ently willing to invest more in the integration of existing 
or new programs. Computer-aided support of lean man- 
agement techniques is in increasingly high demand. The 
Study was conducted for a consortium of | 1 internation- 
ally active firms. Other firms are invited to participate in 
the consortium and thereby receive the results of the 
study or selections thereof. Interested firms should con- 
tact Gepro in Aachen. During the course of the study, 
several areas were studied in detail. These included 
design and construction using CAD/CAE (computer- 
aided engineering) technologies, production logistics 
using applications such as production planning and 
control (PPS) and computer-aided planning (CAP) as 
well as other relevant technologies, and process automa- 
tion using computer-aided manufacturing (CAM) and 
computer-aided quality control (CAQ) applications. 
Potential industry-wide integration aids were also inves- 
tigated. 


Netherlands: University Acquires 
Transputer-Based Supercomputer 


BR0610150193 Amsterdam COMPUTABLE in Dutch 
27 Aug 93 p 2 


[Text] Amsterdam—SARA, Amsterdam University’s 
Computer Center, has acquired a second Parsytec. This 
is a Supercomputer based on Inmos’ transputer chip. The 
machine is being installed at SARA for the “Interdisci- 
plinary Center for Computer-Based Complex Systems 
Amsterdam,” or IC3A for short. The aim of this institu- 
tion—a joint venture between the mathematics and 
information technology center and the University of 
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Amsterdam—is to promote research into “high- 
performance computing.” The Parsytec is being deliv- 
ered in two stages. The first phase involves the installa- 
tion of a GC-1/64. This is a system incorporating 64 
processors from the beta version of the new generation of 
T9000 transputers. As soon as the definitive T9000 is 
ready, this machine will be replaced by a GC-2/128, 
which has 128 processors and a memory of | gigabyte. 
This second step will probably be completed this year. 
SARA already has a Parsytec machine based on the old 
T800 Inmos chips, but its computing capacity 1s consid- 
ered inadequate. 


Netherlands: Philips Introduces ‘Most Advanced’ 
Speech Processor 


BRO710155093 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 10 Sep 93 p 3 


[Article by Rene Raaijmakers: “Philips System Takes 
Dictation; Speech Processor Converts Radiologists’ 
Words Directly Into Text”] 


[Text] Eindhoven—Next week, Philips is to launch a 
speech processor which can convert natural speech 
directly into processable text. 


The first version of Philips’s speech recognition system is 
targeted at German-speaking radiologists. It simulta- 
neously converts words into electronic format. Radioio- 
gists were able to marvel at this automatic dictation 
system for the first time this week at a conference in 
Vienna. Product information will be distributed on 13 
September at a press conference in the Austrian capital. 
The system was developed by Philips Dictation Systems 
in Vienna, in close collaboration with Philips Research 
in Aachen. 


Radiologists 


Philips has good reason for targeting radiologists for its 
first speech processor. In the medical world, many doc- 
tors are used to dictating their reports. While they walk 
along in front of the x-rays, they tape their diagnoses. 
Later on, a diligent secretary types up the tape. In 1991, 
IBM installed several speech processing systems in 
Italian hospitals, but you had to speak pain-ful-ly slow-ly 
to them. Users of the Philips system do not have to 
bother about a delay in converting sound into text; it can 
be used at normal talking speed. 


Simultaneous Conversion 


The speech processor eliminates the need for typing up 
an audio tape. Instead, sounds are simultaneously con- 
verted into text which can be electronically processed. 
This information can be entered and processed in a word 
processor in the normal way. The radiologist or secretary 
only has to run through the text to make corrections. 
Practical trials have shown that the system can do the job 
in half the time it takes a secretary. 
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First, the system is trained by its user. This can be done 
using old tape recordings with the transcribed computer 
text. Coughs, fillers and “ums” and “ers” are automati- 
cally removed. It is just a matter of telling the system. 


A longer learning period produces fewer mistakes. After 
only one hour of training, the system still makes over 10 
percent of mistakes; this drops to below 5 percent after 
10 hours. 


Electronic speech processing is like putting together a 
jigsaw puzzle. It involves comparing sound combina- 
tions with words and choosing from the most likely word 
combinations. 


Searching and comparing begins by recognizing the first 
recognizable sound (i.e., phoneme) pronounced. The 
sound alphabet of the Germanic languages consists of 
between 40 and 50 of these phonemes. They are the basic 
sounds which form the spoken word. The first sound 
signal is compared with the most likely phonemes, which 
in turn activates part of the lexicon in the speech 
processor, where around 20,000 words are stored in the 
form of phoneme “letters.” 


The recognition process continues in the same way as the 
method we use to look up words in a dictionary. The 
speech processor first looks at the most probable pho- 
neme combinations. Sentences are also examined for 
preferred words, so that “‘my heart is beating” is selected 
in preference to “my hard is beating.” Apparently, 90 
percent of the words are correctly recognized the first 
time. 


Developments in the field of speech recognition have 
taken off in recent years. Every self-respecting company 
which took seriously the idea of a multimedia future 
with user-friendly interfaces plunged into the market for 
natural speech systems. Last year, Apple announced that 
it was going to equip its computers with electronic ears 
which would understand spoken commands. AT&T had 
already started replacing one-third of its 20,000 tele- 
phone operators with machines which know enough to 
place collect calls. Other actors on this stage are Siemens, 
NEC, and IBM. Philips has already applied a speech 
technology to car telephones, where calling out a name is 
enough to make a call. 


Philips is one of the leading companies in the new 
market for computerized understanding. In a highly- 
demanding test for speech processors run by the 
Advanced Project Agency in September last year, the 
Philips method came out on top in three out of four 
criteria. 


Consumer Products 


With the speech processor from Philips Dictation Sys- 
tems, the electronics giant believes it is marketing the 
most advanced, far-sighted system. The company is 
expecting rapid development and the introduction of the 
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system for many applications over the coming couple of 
years. Philips expects consumer products around the 
turn of the century. 


United Kingdom: ‘Revolutionary’ Speech 
Recognition System Developed 
BRO710154893 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 3 Sep 93 p 1 


{Article by Cees Van Zweeden: “Voice Test To Replace 
PIN Code at Automated Tellers”’] 


[Text] London—Notorious drunks, hooligans with 
missing teeth, hardened smokers with a pipe in their 
mouths, dental patients with a numb jaw—even the 
sloppiest speakers can now be identified by their voices 
thanks to a revolutionary computer. According to its 
British designers, the system can accurately identify the 
voices of 3 billion persons. It could replace today’s PIN 
codes on bank and cash cards and thus eliminate fraud. 


The idea is simple. A customer who wants a bank card so 
he van take cash from the “hole in the wall” goes along to 
his branch. There, he is asked to say a particular phrase, 
such as “withdrawal identification,” and his words are 
recorded. Using his card, whose magnetic strip contains 
data about him, he can withdraw money from an auto- 
mated teller machine. 


Criminals 


But before the machine pays up, he must first say the 
magic words “withdrawal identification” into the micro- 
phone; the computer then checks whether the man who 
said those words is the same man who requested the 
card. 


“In this country, fraud involving automated tellers 
amounts to £160 million every year,” says company 
manager Martin George of Domain Dynamics, the com- 
pany in Windsor which developed the speech recogni- 
tion system. “This is partly because it is often easy for 
criminals to find out a PIN code. Research shows that 
half of all those who have bank and credit cards also have 
a piece of paper with the PIN code written on it in their 


pockets.” 


The speech recognition system has two major advan- 
tages, according to George: It prevents fraud and the 
customer does not have to remember his or her PIN 
code. Practical tests have shown, says the manager, that 
only 0.05 percent of criminals gained unlawful access to 
automated tellers, while 0.1 percent of lawful users were 
mistakenly refused access to the machine, which is a 
normal margin of error. 


This latter figure was a particular windfall. The tests 
used all sorts of people with temporary speech impedi- 
ments, caused by drunkenness or some other cause, but 
the automated teller still recognized their voices. “This is 
because our system examines biological characteristic 
factors of the subject, which virtually never change,” 
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says George. “The fact that someone is drunk, for 
example, does not affect the shape of his nasal cavity.” 


For the same reasons, fraud is also impossible, says the 
company. “Look, if you steal someone's bank card, first 
you have to know how that person speaks. Second, the 
thief would have to have the gift of impersonation. 
Naturally, this alone reduces the chance of fraud very 
substantially. But even if he were a gifted impersonator, 
he would still be refused access to the victim’s bank 
account because the biological characteristics of the thief 
will always be different.” 


Could the system maybe even identify an unsuspecting 
thief by his voice? “Even that is possible, but there is 
really no need to build in that facility. Very few would 
still try to commit fraud because in practice it is impos- 
sible anyway.” 


Fundamental Difference 


The system developed in Windsor differs in one funda- 
mental respect from existing speech recognition systems. 
Until now, research has focused on establishing the 
frequencies of the sound waves produced by humans. 
This method, however, has always been inaccurate 
because these frequencies could change if the person had 
a cold. The new system, known as Time Encoded Signal 
Processing and Recognition (TESPAR), is based on the 
discovery that the frequencies of a sound signal can be 
described as a polynominal. This can be transformed 
into digital data which in turn can be converted into data 
which describe the voice. Finally, a neural network is 
used to compare this data with that of the person at the 
automated teller. Domain Dynamics says that today’s 
automated tellers an be converted at a cost of “a few 
thousand pounds per machine.’ Major banks in the 
United Kingdom are already reported to have expressed 
an interest. 


Netherlands: Advanced Traffic Monitoring System 
Ready for Testing 


BRO710154593 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 3 Sep 93 p 1 


[Article by Nico Baaijens: “MONICA Gives Warning of 
Ghost Drivers; Trial Project Using Road-Embedded 
Loops Ready To Start in Rotterdam”] 


[Text] Rotterdam—The MONICA (Monitoring Casco) 
system for processing traffic data from 10.000 measuring 
loops is at an advanced stage in its development. The 
system design, which is being developed by the Rotter- 
dam-based systems house Logica, under contract to the 
Ministry of Transport and Public Works, is ready. At the 
beginning of next year, the system will be tested on the 
Rotterdam ring road. 


In its final form, MONICA will continually receive large 
quantities of traffic data from roadside systems and 
sensors in the many measuring loops along the highways. 
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This data flows from the complex Road Telecommuni- 
cation Network (WTN) system to Rotterdam, where it is 
processed into dynamic and static traffic information for 
the Traffic and Transport Advisory Bureau of the Min- 
istry of Transport and Public Works and other interested 
parties. 


According to project leader P. van Driest of Logica, the 
idea is to extend the 10,000 currently installed mea- 
suring loop pairs with additional special loops for the 
new ES-15 roadside system in order to obtain yet more 
refined measuring data. Since the induction loops are in 
pairs, much information can be obtained about current 
traffic scenarios per stretch of road and per lane: trav- 
eling speed, lines, accidents, and even direction of travel. 
The latter will allow to immediately report and raise the 
alarm if a ghost-driver turns up on the road. 


The WTN includes servers, each communicating with 
several roadside ES-15 systems and each permanently 
linked to the MONICA system in Rotterdam. Connec- 
tion to the ISDN [integrated-services digital network] 
will also possible. The data flows are intended for 
Logica’s central UNIX computer system but, according 
to Van Driest, nodes can be included in the network if 
necessary to distribute the data flows. 


Processing 


The central MONICA system collects traffic on a 
minute-by-minute basis, supplying information on the 
number of vehicles passing by continually, per loop and 
per lane. Using the new ES-15 systems, the types of 
traffic can also be ascertained and divided into three 
length categories: private cars. trucks. and trucks with 
trailers. 


The minute-based data is both dynamic and up-to-date. 
This data is processed into aggregates on the basis of five 
minutes. The following aggregation level provides 15- 
minute data. This dynamic information results in static 
information on an hourly basis. Ultimately. a database 1s 
compiled of the aggregate hourly information according 
to type—daily, weekly, and monthly. 


The dynamic information is useful for short-term plan- 
ning and shows, for example, how the traffic reacts to 
road works, traffic alterations, or obstructions caused by 
accidents. It is also possible to manipulate traffic in a 
justified, direct manner. In addition, information can be 
provided to road users in a more effective, rapid way. 


The static information is important for policy decisions 
and traffic management. 


Road Works 


Van Driest expects that the database of static informa- 
tion being compiled will have a capacity of an estimated 
50 gigabytes per year. Obviously, this valuable informa- 
tion will also be used for traffic modeling and planning. 
Using traffic models produced on the basis of extremely 
complete field data, it is possible to plan roadworks in 
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such a way that traffic and its smooth movement are 
affected as little as possible. The future consequences of 
road widening or narrowing and planned rebuilding can 
be fairly accurately anticipated. 


Besides the Traffic and Transport Advisory Bureau, 
other bodies will also be interested in the traffic infor- 
mation produced by the MONICA system. This type of 
database will be indispensable as a starting point for 
developing future traffic control and management sys- 
tems. 


Germany: Computer Chip Developed To Track 
Moving Objects 

93WS0695B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 16 Aug 93 p 10 


[Article: “Moving Objects Automatically Tracked”’] 


[Text] ree FRANKFURT—NTT Deutschland GmbH in 
Duesseldorf reports that NTT has developed an auto- 
matic tracking system by means of which a previously 
defined moving object can be identified in an image and 
then tracked. The chip calculates the gravity center of the 
target in each single frame of a sequence of moving 
images and isolates the accompanying environment. 
Then the target is identified by the difference between 
the brightness of the pixels of the object and the back- 
ground. 


So as not to be led astray by background-pixels of like 
brightness, the system uses a proprietary “local spiral 
labeling” algorithm. Through the use of a content 
addressable memory parallel processing unit, the oper- 
ating speed can be increased to the point where it can 
handle an image replication rate of 30 images per 
second. 


In the local spiral labeling technique, the target is tracked 
by scanning the spirals in the current single frame. Since 
there is only one-thirtieth of a second between single 
frames, the target can be distinguished from other areas 
of similar brightness by virtue of the fact that is stands 
next to the position of the target in the previous single 
frame. This method of processing is less likely to fail in 
recognizing objects than conventional systems. 


NTT will use the new tracking system to track faces in 
videophones and will undertake further research to 
develop other applications in the field of image pro- 
cessing, e.g., securing the faces appearing in videocon- 
ference systems on the screen. In future, many targets in 
a single image will be able to be tracked through the 
multiple processing of several image components. 
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DEFENSE R&D 


France: Aerospatiale Fears Delays to M.5 
Strategic Missile Program 

PM2909163593 Paris LE MONDE in French 29 Sep 93 
p14 


[Unattributed report: “Aerospatiale Fears a Slowing 
Down of M.5 Strategic Missile Project’’] 


[Text] The Aerospatiale group fears that the Defense 
Ministry may slow down its program for the M.5 nuclear 
missile launched in 1992 by Pierre Joxe and designed to 
arm the Triomphant-class strategic submarines. 
According to Louis Gallois, the group’s chairman and 
managing director, the credits for study and research 
allocated to the project in 1994 will be reduced by 80 
million French francs [Fr] (about 30 percent) compared 
with what was envisaged and they will be spread over 15 
months rather than 12. 


In Cannes, where he was visiting Aerospatiale’s new 
satellite premises, Defense Minister Francois Leotard 
hinted Monday, 27 September, that the credits allocated 
for the M.5 could be reduced. But he refused to specify 
how big this reduction of the budget would be, merely 
indicating that the M.5 missile program will not be 
broken off in 1994. 


At the end of last week, Mr. Gallois explained to the 
trade unions that if he had known of these measures 
earlier he would have stepped up the provisions of the 
company’s new social plan, which stipulates the loss of 
2,250 jobs, 250 in the space and defense department. 


The M.5 program is for an “all-purpose” sea-launched 
land attack missile which will replace the current M.45 
missiles on submarines after the year 2005 and whose 
range is 8,000 km. Originally the project was to produce 
three batches of 16 M.5 missiles each—it is proposed to 
commission four Triomphant class submarines but only 
three will be kept permanently at sea—at an overall cost 
of Fr38.5 billion at 1992 prices. 


It is in the plants of Saint-Medard-en-Jalles (Gironde) 
and Les Mureaux (Yvelines) that the decisions regarding 
slowing down the M.5 program will first make them- 
selves felt. The jobs of over 100 employees (about half 
the personnel in the research bureau) are threatened. 
Already Aerospatiale’s abandonment, following the 1992 
government decision, of the programs for the S.45 stra- 
tegic missiles (to replace the Albion Plateau $.3D mis- 
siles) and the Hades tactical missiles (to succeed the 
Pluton missiles) has had the effect of reducing from 
2,000 to 1,300 the number of employees in the work- 
shops of Saint Medard-en-Jalles alone. 


The fate of this M.5 missile is currently the subject of 
consideration in so far as the end of the cold war in 
Europe makes it of limited interest with preference going 
to a French nuclear arsenal which at the start of the next 
century would be reduced to the M.45 ship-launched 
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missiles (which could be further perfected) and a new 
category of long-range air to surface missiles on board 
Rafale aircraft. 


ENERGY, ENVIRONMENT 


Cray Supercomputer Improves Weather Prediction 
in Eastern Germany 


93WS0652C Berlin INGENIEUR DIGEST in German 
Jul 93 pp 30-31 


[Article by Olaf Goering: “Chaos in Potsdam’’—first 
paragraph is INGENIEUR DIGEST introduction] 


[Text] Scientists think that weather evolves chaotically 
and unpredictably. Max-Planck scientists want to prove 
that these assertions are wrong—with the help of a Cray 
supercomputer, the first one in eastern Germany. 


American meteorologist Edward Lorenz has long since 
abandoned the hope of being able to predict the weather 
for the day after tomorrow. This scientist is resigned to 
the fact that the behavior of a system as complex as this 
cannot be accurately forecast. Endless attempts to calcu- 
late the longer-term evolution of the weather from tem- 
perature and air pressure readings with a computer have 
been unsuccessful. Even an apparently unimportant dec- 
imal fraction in the initial reading could suddenly 
change the weather in the model. Lorenz says: “Just the 
flapping of a butterfly’s wing in Beijing is enough to 
change the weather the day after tomorrow on the west 
coast of California.” 


Dr. Juergen Kurths is unwilling to capitulate to the 
current school of thought that systems like this one 
behave chaotically and unpredictably. ““We work out the 
mathematical models so that the computer can deter- 
mine the weather in advance from series of measure- 
ments,” he said self-confidently. Kurths heads a team at 
the University of Potsdam formed specifically to work 
on the subject of “nonlinear dynamics.” With 18 
research associates and the first CRAY supercomputer 
installed in the new federal states, he is tackling the 
interplay between chance and the laws [of physics]. 


Dr. Kurths’s team can cope with huge quantities of data 
from 15 terminals and work stations with the Cray 
YMPEL, a prerequisite for the advance into chaos. The 
supercomputer can handle 133 MFLOPS/s, or 133 mil- 
lion floating-point operations per second. Its main 
memory capacity is 512 Mbytes. By way of comparison: 
A PC with a 486 processor can handle up to exactly 22 
million instructions per second; as a rule, it has a main 
memory capacity of between 4 and 8, maximally 12, 
Mbytes. This alone says little about the actual magnitude 
of the difference in performance since floating-point 
operations and instructions are not directly comparable. 


Kurths thinks that the toughest problem in nonlinear 
processes is finding suitable initial conditions. Once they 
are found, endless series of measurements are analyzed 
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with special differential equations. In the process the 
team tries to constantly refine the methods, relying on 
their experiences. 


Everything is still very sporadic and accidental. The 
scientists are checking out partial results on the forma- 
tion of eddies in liquids. Since these kinds of turbulences 
are comparable to chance meteorological occurrences, 
the results could even now contribute to more reliable 
weather forecasts, Kurths lectured us. Not only how 
weather forms might be reproduced with this method, 
but also mixing processes in air and sea currents, for 
example, and the distributionof pollutants in air and 
water. 


Aerodynamics could also benefit from improved turbu- 
lence models. Kurths hopes that possibly some of the 
costly and expensive wind tunnel tests could be replaced 
with cheaper computer simulations. 


The Potsdam scientists will have to come up with results 
soon because they are pressed for time. Their projects 
will only be funded for five years. 


A team at Humboldt University in Berlin soon hopes to 
be able to provide the chemical industry with mathemat- 
ical models by means of which it can use catalysts more 
purposefully. The ways catalysts work are still far from 
being sufficiently well understood. There, together with 
the Fritz-Haber Institute in Berlin, they are studying how 
structures are formed on catalyst surfaces. The density of 
the materials that are reacting with one another varies on 
the surface of the catalysts and the process is nonlinear. 
Because of this, quite specific patterns are formed, the 
formation of which has to be explained. Dr. Hanspeter 
Herzel is in charge of these studies. 


All of the members of the Potsdam team, composed of 
national and supranational scientists, want to benefit 
from the high power of the Cray computer. The turbu- 
lence expert, Dr. Arkadiy Pikovskiy, for example, comes 
from Nizhniy Novgorod in Russia. Ph.D. candidate 
Hermann Voessing is a native of Frankfurt am Main. He 
specializes in cardiovascular analyses. “Naturally, to 
ensure rapid exchanges of data with scientific institu- 
tions in Germany and abroad, the Cray is connected to 
the WIN [Scientific Information Network] science net- 
work,” Kurths said. 


Basic research in medicine is also on the Potsdam 
physicists and mathematicians’ work schedule alongside 
weather, clouds, and turbulences. They analyze EKG 
readings for the Max-Delbrueck Center for Molecular 
Medicine and the Franz-Volhard Clinic in Berlin-Buch. 
They are looking for answers to the question as to why 
people completely unexpectedly die of heart attacks, 
even though they have never been classified as at-risk 
patients. The background: Less than a third of the 
approximately 1,000 people a year who die of heart 
attacks in Germany are at-risk patients. The Potsdam 
scientists suspect that the cause is likewise chaotic pro- 
cesses and are looking for more reliable, significant 
at-risk features in the EKG structures. 
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Dr. Herzel wants to investigate characteristic spectra in 
the crying of babies that may be indicative of possible 
illnesses. The head of this research team that is studying 
chaotic processes through sound-wave spectra is confi- 
dent: “Since babies can’t say where it hurts, we have to 
rely on other ways of determining it.” Herzel hopes that 
they can develop better diagnostic methods in pediatrics 
with this approach. He wants to discover even more with 
his sound-wave studies: to determine on the basis of 
what regular principles speech and music in general 
evolve. This is basic research in evolution and another 
example of the fact that revelation of the secrets of 
nonlinear dynamics would be useful for nearly all aspecis 
of human life. The interplay between chaos and order 
dominates all of nature and even the social organization 
of living creatures. Psychiatrist Gottlieb Guntern would 
rather not leave research in chaos to natural scientists 
alone either. They too often “ignore things that happen 
in nature only because they can’t explain them.” 


Guntern is not alone in thinking this. During the past 15 
years research in chaos has evolved into a general 
discipline. “Chaos theory,” mathematician Benoit B. 
Mandelbrot, the guru of chaos research, who became 
world-famous as the founder of fractal geometry because 
of his impressive little apple man, among other things, 
stressed the fact, “really also has philosophical and 
artisticaspects.” It is only a matter of time, he said 
recently, provoking the participants at a symposium in 
Switzerland, before we can verify even works of art. The 
question remains: To whom will it be of use? 


France Building Asbestos-Treatment Plant 


93WS0700A Paris L'USINE NOUVELLE in French 
26 Aug 93 p 49 


[Article by Eliane Kan: “A Mobile Unit to Vitrify 
Asbestos Waste”; first paragraph is L'USINE NOU- 
VELLE introduction] 


[Text] The first plant to treat asbestos waste is now being 
assembled. It will have a capacity of one metric ton per 
hour and will travel around on 17 trucks. 


Asbestos waste will soon be just a bad memory, thanks to 
the mobile unit for electron torch treatment that Elec- 
tricity of France (EdF) will put into service before the 
end of the year. 


The plasma will render the asbestos residue totally inert 
by vitrifying it at over 4,000 ° C. The vitrified waste can 
then be disposed of in ordinary rather than class-| 
dumps, or used as fill material. The treatment will be 
suitable for all buildings that were heat-insulated with 
asbestos, including thermal power plants, factories, or 
buildings erected between 1950 and 1960. 


“There are said to be around 10,000 metric tons of 
asbestos-contaminated waste that must be recycled each 
year,” says Francois Liagre, an EdF engineer responsible 
for developing and testing the electron torch. The public 
company has invested a hundred million French francs 
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[Fr] to research and develop new electron torch applica- 
tions since the 1980's. An initial pilot facility at its 
Porcheville (Y velines) plant specializes in treating indus- 
trial and hospital waste. Since then, EdF has teamed up 
with Jeumont-Schneider to form a consortium, chris- 
tened Inertam, which will market the services of a 
traveling industrial installation. The facility will be able 
to treat one metric ton an hour, and will target sites with 
at least 100 metric tons of stock. Indeed, it takes three 
weeks to set up and dismantle the installation. 


The industrial plant, which is being automated by Merlin 
Gerin, is under assembly now. It will require |7 trucks, 
three of them able to handle loads greater than 40 metric 
tons, to get around. The facility will cost approximately 
Fr40 million and will employ four people, one of them 
an engineer. 


The staff's first job will be to treat 1,800 metric tons of 
asbestos waste from the Arjuzanx thermal power plant 
(Landes) in Aquitaine. Arjuzanx is one of the last 
thermal power plants France still has to dismantle. 


The asbestos waste 1s packed into cardboard drums or 
bound up into packages placed on pallet boards, then 
unloaded into the oven. There it is brought into contact 
with the torch’s gas jet. The plasmogenic gas (the sur- 
rounding air) is heated to 4,000° C by an electric arc. The 
Aerospatiale-designed generator supplies power of |,750 
megawatts. 


Still Costly 


The process destroys the health-threatening asbestos 
fibers by melting them, and traps the elementary com- 
ponents in the melted mass. When removed from the 
oven (built by Trepaud), the matter that is still melting 
falls into vats of water, where it congeals into aggregate. 
The process reduces the volume of waste by a factor of 
20 to 25. Gases are burned in a post-combustion 
chamber. A spray of water cools the smoke, which is then 
neutralized by a sodium carbonate solution that converts 
the acids into sodium salts. The salts are caught by 
absolute filters, which capture 99.97 percent of the dust. 
The process is a fairly clean one, and is even said to fall 
below future European pollution limits. However, the 
1,800 metric tons treated will still produce 100 k:ios of 
waste to be stored in a class I waste ground. Although the 
approximately Fr5,000-per-ton cost of the treatment ts 
not yet cheap by French standards, the price is compet- 
itive in certain foreign countries where class I waste 
grounds are becoming saturated. 


Germany: Plate-Wave Power Station Researched 


03WS071C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 10 Sep 93 p 8 


[“Plate Wave Power Station Utilizes Sea Currents”’] 


[Text] P.W. WUPPERTAL. In the search for alternative 
power sources, the possibility of harnessing the energy 
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generated by wave motion in the ocean has been inves- 
tigated for some time now. An institute at Wuppertal 
University has now succeeded in developing an inter- 
esting new process based on plate-wave breakers. A 
horizontal plate set up beneath the water surface at about 
one-fourth the total depth is found to bring about a 
power scattering effect, something like an underwater 
wave breaker. 


There, under favorable conditions, a powerful plate flow 
stream develops. As the researchers (Professor Doctor of 
Engineering Hans Kaldenhoff and Graduate Engineer 
Kai-Uwe Graw) of the Institute for Civil Engineering, 
Waste and Hydroscience of the Hydraulic Engineering 
and Water Economy Departments of Wuppertal Univer- 
sity GH [Amalgamated University] (Address: Pau- 
luskirchstr. 7, 42285 Wuppertal) discovered in their 
experiments, the flow cross-section beneath the plate can 
be significantly reduced without breaking off the pul- 
sating plate undercurrent. 


The realization that this flow could be utilized to power 
a turbine led to the development of the plate-wave power 
plant. In one current research project the researchers are 
studying the physical causes for the occurrence of a 
pulsating flow beneath a submerged plate. 


The wave power plants that have been built to date could 
only be operated effectively right off the coast. In addi- 
tion, the fear of possible “killer waves” caused them to 
be built overly large and consequently at unnecessarily 
high cost. Moreover, when the systems are submerged, 
only a fraction of the energy distributed through the 
water depths could be exploited. 


The Wuppertal researchers assert that the diversion of 
the energy present in the near surface area ben th the 
plate to form the pulsating flow, now offers the best 
opportunity for power utilization. The sensitivity of the 
plate-wave power plant to extreme sea states is now 
much less, since the entire system is under water. Even 
the danger of corrosion formation will be reduced deci- 
sively in the area of water changes. 


The system can even serve as a coastal protective facility 
since its protective effect as a water channel is not lost, 
even if the power plant should be out of operation. When 
the opening is shut, it functions as an underwater barrier; 
when the water flows through it generates power. The 
system can be built simply and reliably, and can accom- 
modate conventional turbine technology. 


The researchers in the Department of Hydraulic Engi- 
neering and Water Economy now want to study just how 
efficiently this system can operate. The work to ascertain 
this will be undertaken at Wuppertal University. 


In their totality, the sea waves generated by winds and 
sea currents offer a great potential both for the kinetic 
energy produced by the horizontal and orbital motions 
as well as for the potential energy which arises from the 
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pressure difference between the wave crest and wave 
trough. Work to utilize this potential energy has been 
underway for years. 


Other techniques that have been used to date as, for 
example, float systems, utilize the relative motion 
between two or more solid bodies generated by the wave 
surface. One of these bodies is the float, which moves up 
and down. The best known system for this kind of 
wave-power transformers is the “articulated float,” 
which consists of individual, but linked, members, which 
are moved about by the wave motion. 


This movement is utilized to compress a liquid, which is 
directed into a turbine to drive a generator, by means of 
reciprocating pumps. The similarly functioning “nod- 
ding ducks,” devised at Edinburgh University, form a 
clap-fitted mole to utilize wave power. 


Deformable systems were found to alter elastic bodies in 
such a way that energy can be captured. The “floating 
bellows”, developed in Great Britain, are actually a long 
rubber tube with flexible internal bulkheads. The waves 
rolling over it deform the bellows, first pressing the 
chambers together and then releasing them. The flow 
thus generated then drives an air turbine via the air 
circulation. 


Near Bergen in Norway, yet another technique attempts 
to exploit the force of waves washing up on a beach. The 
water pile-up is utilized in that the waves are permitted 
to enter a basin until the water level in the basin is higher 
than the sea level. The water mass so gathered is then 
utilized in a low-pressure water power plant. Another 
successful method, also being tested near Bergen, is the 
oscillating water column. An experimental installation 
there, with an installed power of 500 watts, already 
delivers about a gigawatt hour a year. It will be used in 
developing countries to power diesel-operated small 
power plants. 


Also in Bergen, a two-section steel cylinder has been 
mounted vertically on a foundation on a steep cliff in 
waters 60 meters in depth in order to prevent the sea 
floor from affecting the waves. In the lower, thicker part 
of the cylinder the water column is caused to oscillate by 
the wave energy, which then forces the overlying air in a 
generator like a piston. 


In Japan, this kind of energy utilization has been inte- 
grated in wave breakers in order to effect cost savings. 
This Wells turbine, named after its inventor, maintains 
its direction of rotation regardless of the incoming water 
flow. Free-floating power plants, which utilize the tem- 
perature drop between surface and underlying deep 
waters to generate power, have been tested in the United 
States. 
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FACTORY AUTOMATION, ROBOTICS 


Rotex Space Robot’s Successes: Spin-Offs for 
Industry Viewed 


93WS$0675A Landsberg ROBOTER in German, Jul 93 
ROBOTER technik issue, pp 20-23 


[Interview with Prof. Dr. Gerhard Hirzinger, director, 
Institute of Robotics and System Dynamics at German 
Research Establishment for Aero-Space Flight Inc., 
Oberpfaffenhofen] 


[Text] As in the Sky so On Earth: D-2 Mission Spin-Offs 
for Industry 


A few weeks ago we all watched on television with 
amazement the second German Spacelab mission D-2 in 
the cosmos. The truly most spectacular event was cap- 
ture by the robot of a freely floating cubical object, a die. 
Thus the Robot-Technology-Experiment (Rotex) 
project, in preparation since 1986, was now definitely 
meant to succeed. Also several enterprises on earth 
already participate in the development and share the 
thus acquired knowledge. 


“We can only point out the ways leading to the robot of 
the future. Conversion for other fields of applications is 
ultimately left to the intelligence of industrial enterprises 
and their quick actions” says Prof Dr Gerhard Hirzinger, 
director of the Institute of Robotics and System 
Dynamics of the German Research Establishment for 
Aero-Space Flight (DLR) Inc. in Oberpfaffenhofen. He is 
the father and initiator of robot experiments in Spacelab 
Mission D-2 and anything but like the absent-minded 
fidgety stereotype professor sitting in an ivory tower 
busily involved with concocted ideas. He was respon- 
sible for the technical guidance and the overall Rotex 
project management. Already six years ago, one year 
after the two first German astronauts Prof Rheinhold 
Furrer and Ulf Merbold saw the earth “from above” 
during the D-1 mission, did this skillful director of the 
Institute persuade the DLR to participate in several 
robot experiments during the next mission. He was 
successful. 


Hardly Usable Components from Industry 


It took relatively little time to also get the industry, 
specifically Dornier and MBB, excited about this. Not 
only the Institute of Production Plants and Construction 
Engineering (IPK) in Berlin, the Paderborn University, 
and the Institute of Robot Research in Dortmund came 
on board, but also Isra Systems Engineering in Darm- 
stadt (project partners and their contributions are listed 
in Box 1). Several robot manufacturers were along with 
Kuka, Reis, and Siemens invited to participate in the 
Rotex project. Alas, much of their initial enthusiasm 
vanished after they had looked into labor and cost 
estimates. Regarding costs, the Federal Ministry of 
Research and Technology (BMFT) supported the Rotex 
project with about 38 million marks. Most of the money 
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was, as Professor Hirzinger sums it up thoughtfully, 
poured into the space flight industry. 


Professor Hirzinger did have to tread into an entirely 
unknown to him territory when he was formulating his 
idea about participation in the D-2 mission. Similar 
projects were designed by NASA, such as the Flight 
Telerobotics Servicer (FTS), but subsequently canceled 
owing to the horrendous cost (estimated at 700 to 800 
million marks). 


With backing from the DLR, Dornier, MBB, and several 
research institutes, Professor Hirzinger proceeded to 
write a task manual for the Rotex project (“This time we 
shall just make it’) and to formulate the objectives of the 
experiment (Box 2 [not reproduced)). 


1. Testing the drive and regulation concepts as well as 
Lg-motion programs designed to prevent the motion of 
the robot from perturbing its own weightlessness and 
other zero-gravity g-experiments. 


2. Testing the novel remote-control components (steer- 
ing ball with six degrees of freedom) for robot and 
telemanipulators under zero-gravity conditions. 


3. Testing and demonstrating the interaction of intricate 
multisensor robot systems with new man/machine inter- 
face components (stereo 3-D computer graphics, stereo 
image display, steering ball, etc.) in preparation for space 
flight of robots. 


4. Proving the feasibility of mastery of protoypal tasks 
(without premature decision regarding choice between 
inside or outside placement) on robots whose ability to 
operate even under gravity, if at all, is highly limited. 


Already in Service at Kuka Co.: Force Sensor from 
Gripper 


The basics had already been partly worked out, which 
does not mean that the road to success was a smooth one 
or that those 50 or so engineers attending the project 
accepted standard components and structural parts from 
industry without checking them for reliability. A most 
obvious example of this is the very Rodex robot itself. 


“Originally | was indeed in favor of sending a Siemens 
Manutec R-2 into the cosmos” confesses Professor Hirz- 
inger. “We used it for running our laboratory tests on 
earth. Alas, it turned out to be too heavy and not slim 
enough for the small work booth.” So then Dornier 
jumped in and built a light craft which, however, was 
unable to carry its own weight because of the excessively 
elaborate drive equipment so that during the tests it had 
to be unloaded by means of suspension ropes.“ 


Not so the light-weight robot construction developed by 
the DLR for training astronauts. Professor Hirzinger 
describes the outcome as follows: “The Rotex trainer- 
robot, weighing 10 kg, is an extremely light six- 
degrees-of-freedom manipulator with a lattice structure 
of carbon fibers, in the development of which our DLR 
Institute in Stuttgart has significantly collaborated. Its 
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handling weight is also 10 kg. The kinematic behavior of 
the Rotex robot resembles that of the Manutec R-2, but 
its gears and brushless servo drives are original develop- 
ments. They had to be compact and, in addition, be 
capable of transmitting large forces. The entire elec- 
tronics, including control electronics, are built into the 
robot shafts. We still could not mount all this into one 
crate and thus minimize the dead weight.” 


Another original brain child of the DLR is the gripper 
equipped with a multisensor system. The latter combines 
rigid and flexible force-momentum sensors and tactile 
arrays (surface sensors) in both hands for indicating the 
position of a seized part on the monitor screen. Each 
finger carries also two sets of nine laser rangefinders. 
Both objectives of the stereo camera, built by Erno Space 
Flight Engineering in Bremen, have also been integrated 
in the gripper. The gripper consists of altogether more 
than 1000 miniaturized electronic components and 
about 500 mechanical parts. Entirely justified and not 
without pride, Professor Hirzinger presumes that “this 
multisensory gripper is the most complex one built so 
far.” 


Cbjections to the choice of SMD (Surface Mount 
Device) electronics were, of course, also raised by NASA. 
In their task manual, still based on the Telerobotics 
project, the SMD technology was ruled out for now as 
not having been tested enough and, therefore, deemed 
not to be controllable from the Spacelab. What followed 
was a countless number of laboratory tests under simu- 
lated space conditions. The gripper, with all its intricate 
contents, could still not be reduced in size. 


Realization of the proposed steering concept was more 
difficult. All tasks to be performed by the Rotex robot, 
whether manual or fully automatic, were to be control- 
lable directly from the ground and by the astronaut in 
space. Here the problem was variable dead time. Five to 
seven seconds pass before a movement indicating signal 
appears on the monitor screen in the Oberpfaffenhofen 
control center. Yet no controls available on the market 
met the requirement of quick-action local regulation 
loops with the robot and slow-action regulation loops 
around man’s visual system. 


Professor Hirzinger adds: “The steering concept includes 
a man/machine interface for Cartesian commands. In 
our teleoperator concept man issues only imprecise 
commands, which the robot then refines autonomously 
with the aid of its sensors and a simple data base. In this 
way, an increasingly higher degree of autonomy can be 
shifted to the robot without structural modification.” 


Alpha Getriebebau (Gear Design) Co. Interested in 
Gripper Drive 


During remote control of the robot from the ground, a 
pre-calculating stereo 3-D computer graphic supple- 
ments or replaces the stereo images coming from the 
robot’s work booth in space. Inclusion of laser range- 
finders has facilitated conclusive calibration of the 
Rotex robot against several objects of measurement in 


WEST EUROPE 21 


the work booth after its start-up in the Spacelab. Owing 
to the light-weight design of its linkage, the robot could 
not be completely tested under gravity conditions. 


The concept of telesensor programming goes one step 
further. Here expected sensor responses to interaction of 
the robot with its environment are graphically simulated. 
stored, and, with coarse position data, sent back to the 
Spacelab. Ideally, with the aid of these sensor-sampled 
data, the robot then compensates its own inaccuracies 
and also those of its environment automatically by 
fine-tuning its sensory course steering. 


With obvious satisfaction, Professor Hirzinger recalls 
that moment when the roboter reached for the freely 
floating die: “All robot experiments took place during 
Central European night sleeping time, and we had 
already sat through several nights here in the Oberpfaf- 
fenhofen control center. Operation at the Institute con- 
tinued also partly during daytime, interrupted by a 
several press conferences regarding the D-2 mission. We 
treated capture of a freely floating object by the robot as 
a rather subordinate task. The robot was to engage in 
other activities as well. !n the work booth it was required 
to remove a connector with bayonet prongs from one 
structural part and screw it into another one. This went 
quite well. It was then required to master an assembly 
technique, namely building a lattice structure with a 
variety of parts. Here the robot encountered problems 
only in its mode of operation, during a trial run without 
sensor feedback. Yes, and then came the stunt with the 
die. We first controlled the whole thing from the ground. 
The astronaut Hans Schlegel was to perform the same 
experiment later on board the Spacelab. The die was 
accordingly removed from its fixture. Here we were a 
little afraid that adhesive forces may prevent its escape 
under zero-gravity conditions. It did move, however, 
and we chased it with the gripper. After we had easily 
kicked it, the die shot through the work booth like a 
billiard ball, climbed up one wall beyond the gripper’s 
reach, and, with another twist, entered the gripper’s 
working range. Yes, and then the robot caught it fully 
automatically with 6.5°s of dead time behind image 
processing on the ground. 


To the question as to how much of the knowledge 
acquired from the D-2 mission can be converted into 
industrial use, Professor Hirzinger replies: “We have 
proved, by realization of comprehensive development 
concepts and use of other materials, that such light 
six-degrees-of-freedom robot features a 10 times higher 
ratio of load capacity to dead weight than do conven- 
tional robots. Our robot will certainly be useful in space 
flights, eventually for repair and maintenance of geosta- 
tionary satellites. Very specific inquiries have already 
been received from Russia. There, in 1996, they will 
launch a flight to Mars, with a craft which is to carry a 
light-weight robot.” 


Logitech Co. Participates in Remote Control 


The force sensor from the gripper has already been 
introduced to dental research. Here it will be of help in 
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the study of pressure forces exerted by teeth. Also the 
Kuka Co. in Augsburg uses such a sensor, although a 
somewhat larger version. 


Knowledge acquired about the gripper drive concept is 
shared by the Alpha Getriebebau Co. They are extending 
this concept further, for converting rotation of a spindle 
into rectilinear motion. With an extremely high conver- 
sion ratio and extremely low friction, operating with 93% 
efficiency, such an electrical servomechanism compo- 
nent can render hydraulic ones obsolete. 


A further spin-off is development of remote control for 
the space robot. The latter was manually manipulated, 
three-dimensionally along six degrees of freedom, in the 
Spacelab as well as from the ground, by means of a 
steering ball also called Space Mouse. This device houses 
an optoelectronic measuring system which already had 
found its way to the Patent Office 10 years ago. 


In subsequent years, this steering ball caused a sensation 
as a device manipulating 3-D computer graphics as, for 
instance, in the CAD (computer- aided design) area. 
Several hundred such ball systems have been sold by the 
licensee. The licensee did not continue development of 
the DLR ball steering system for the purpose of manu- 
facturing cost reduction, as the DLR Development 
Group had hoped, even after this device had in 1988 
been advanced to the “product of the year”’ status in the 
United States. On the other side of the Atlantic, how- 
ever, intense product competition sprang up, building on 
the technical principle of the DLR ball. Lengthy patent 
litigations loomed ahead. So, in 1992, the DLR staff 
decided to meet this challenge on purely technological 
terms. They founded the Space Control technological 
development firm. With about half a million marks 
coming from private sources, this firm not only opti- 
mized the six-component optoelectronic measuring 
system and the manufacturing technology, but also con- 
structed an entirely new steering ball. This ball is 
expected to reach, in the foreseeable future, the price 
level of high-grade PC (personal computer) “mice.” 
Logitech, one of the leading computer mouse manufac- 
turers, was the first enterprise to seize the initiative. It 
will henceforth both produce and distribute the Space 
Mouse under license. 


Switzerland: Steel Smelting Improved by New 
s 


93WS$0687B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 05 Aug 93 p 8 


[“‘Automatic Smeiting in Steel Works’’] 


[Text] re. FRANKFURT. ABB Asea Brown Boveri AG 
reports that the efficiency of electric arc furnaces can be 
significantly improved by means of process control sys- 
tems employing digital electrode-control. Thanks to the 
introduction of a new process control system in an 
electric arc furnace in the Nueva Montana Quijano Steel 
Plant in Santander, Spain, a 14% decrease in electrode 
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consumption, a 3% shorter duty cycle, and an 8% reduc- 
tion in furnace lining were realized. 


In its publication ABB Technik (No. 5, 1993), the 
company notes further that the effective output was 
increased by 8% and the efficiency by 4% at the same 
time. The data stretched over a two-year period—one 
before and one after the installation of the system. The 
new process control system was put into operation in 
March 1991. 


The Demag-type arc furnace has a capacity of 115 tons 
and is powered by means of a 66.7/80 MVA ABB furnace 
transformer. The hydraulically activated electrodes have 
a diameter of 610 millimeters. The ABB Master process 
control system has two Masterpiece 200/1 process sta- 
tions and a central Masterview 800/1 service station. 


The electrode control is completely digital and, 
according to the company, is implemented in a user- 
friendly programming language. The control strategy is 
based on nonlinear impedance, which provides a better 
control performance in the presence of unstable condi- 
tions. Depending on the type of steel being produced. the 
system chooses one of several travel programs for con- 
trolling the smelting process. Meanwhile, the electrical 
power required for each scrap charging bucket is ascer- 
tained. Simultaneously, the requisite chemical additives 
are determined. During the charging, the least amount of 
power required for the smelting of the next charging 
bucket is calculated, and after all the buckets have been 
emptied, the power necessary for the complete smelting 
and refining is identified. In this way, shorter tapping 
times and the best possible power utilization are 
achieved. 


Use of 3D CAD-CAM System in German 
Company Described 


93WS0696A Heidelberg CAD-CAM REPORT 
in German May 93 pp 109-112 


[Excerpt] The Sennheiser Electronic Company was 
founded in 1945 by Professor Doctor of Engineering 
Sennheiser in Wennebostel near Hannover. Since its 
founding, it has specialized in R&D and production for 
the radio, television, and motion picture industries, for 
both professional and private concerns. Today, Sen- 
nheiser electronic is divided into six strategic business 
fields: recreational electronics, audio acoustics, industry, 
communications, music, and studio. In 1992, with about 
1,000 employees, the company had achieved a turnover 
of 137 million German marks [DM]. Two of Sen- 
nheiser’s best known products are microphones and 
headsets. By way of example, more than a million 
dynamic HD 414 headsets, which were introduced in 
1968, had been sold in about six years, and even today is 
the most frequently sold HiFi stereo headset in the 
world. 


[passage omitted] 
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Referring to another headset developed last year, 
Michael Nickel, who is in charge of CAD, describes the 
advantages of the 3D system: “After the 1992 summer 
vacation, we decided to introduce a new headset on the 
market in time for the Christmas holidays. In the 
shortest possible time the first ear-pieces were generated 
with the aid of the HP-ME30. The headset was to have 
optimal opening and be designed wiih many slits. How- 
ever, in this first phase not much attention was given to 
additional design details. We shipped the 3D-CAD data 
of the first design by diskette to a stereolithographic 
associate, and within a week, the first model of the 
headset had reached us. With this so-called hardware 
sketch, we were then able to develop the different 
components further in-house. The necessary acoustic 
measurements were undertaken; the designer shaped the 
ear-pieces, and the electronics section could then design 
the circuit boards, since we were dealing with a cordless 
infrared earphone. 


[passage omitted] 


Officially, we did not compile any 2D drawings for the 
entire headset. 


[passage omitted] 


For the headset here described, three models were twice 
prepared by means of stereolithographic technology. A 
single ear-piece cost about DM3500; each additional 
copy cost about DM600. It is estimated that the cost of 
a model can range from six to eight times as high, and the 
time spent can be many times more. 


[passage omitted] 


On the other hand, the acoustic measurements for the 
Stereolithograpic models agreed closely with the end 
products. 


[passage omitted] 


In the final stereolithographic version of the ear-pieces, 
it was further determined that the position of the shift 
regulator did not agree with the position of the slits 
designed for it on the circuit board. Had the work been 
done according to conventional methods, this error 
would only have been detected after the machine tool 
had turned out the individual components and the first 
headsets were ready to roll off the production line. 


[passage omitted] 


New Method of Rapid Prototyping Described 


93WS0696B Wiesbaden DER KONSTRUKTEUR 
in German Apr 93 pp 64,66 


[Article by Matthias Fockele and Dieter Schwarze: 
“Rapid Prototyping on the Advance: New Methods of 
Data Preparation’’} 
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[Text] 4 new method of constructing prototypes by means 
of rapid prototyping techniques as, for example, stereo- 
lithography, is described. The advantages are a substan- 
tially shorter expenditure of time and the cost savings 
resulting from the time reduction. 


The de facto interface today between CAD systems and 
stereolithography [STL] or rapid prototyping machines 
[RP] is the STL file format. Almost all current 3D-CAD 
suppliers have incorporated this STL interface in their 
programs. The problems that arise with this standard are 
well known to users. Some frequently recurring defects 
in the STL file include, for example: disconnected sur- 
faces, holes, and cracks in the surface of the models, 
which require that the STL data be reworked, for which 
purpose additional software packages are offered. More- 
over, STL files are often excessively large physically and 
therefore difficult to handle. The reason for this is the 
fact that in the STL representation of a CAD object, the 
mathematically exact surface representation (BREP 
model) of the object can only be approximately 
described by triangulated surfaces. The curved surfaces 
of objects can therefore only be approximated with 
sufficient exactness when they include many triangular 
surfaces. Consequently, as the requirement for STL 
model precision increases, so does the number of trian- 
gular surfaces and therefore the controlling data set. An 
excellent elucidation of the differences between the exact 
BREP- and the approximated STL-representation is 
found in the professional literature in an article by 
Richard J. Donahue and Robert S. Turner (see The 
Second International Conference on Rapid Prototyping. 
University of Dayton, 1991, p. 221). The data set of a 
BREP free form surface model having an original bulk of 
0.0154 Mbyte, was multiplied by a factor of 22 to 3.463 
Mbyte. Of course, a considerable increase in costs for the 
data storage is thereby incurred. 


In order to produce a three-dimensional object by means 
of stereolithography or other RP techniques, the corre- 
sponding STL model has to be broken down into a 
number of two-dimensional parallel cross-sections. The 
object can then be built up layer by layer from the cross 
sections. Because of the general enlargement of the data 
set in the STL representation, this “slice” process 
becomes a very lengthy affair depending on the size and 
accuracy of the STL file. 


Alternative Methods 


To eliminate the disadvantages of any intermediary STL 
data format between CAD systems and RP machines, 
this paper introduces the concept of making direct 
sections in the CAD data base. This method is explained 
below as exemplified in the pro/engineer CAD system. 
For this sectioning process, there is no need for any 
triangulated surface representation of a CAD model. 
Rather, the CAD software directly executes the sec- 
tioning operation in the mathematically exact object. All 
the cross sections required to construct a model are 
automatically generated by means of a command file. 
The desired layer thicknesses in the direction of the 











24 WEST EUROPE 


model construction can be defined variably. Besides the 
body contours, the sections contain shadings, by means 
of which a solid model is completely described. The cross 
sections can be easily scaled and the shading definition 
easily changed. It is observed in this case that the cross 
sections derive from the mathematically precise CAD 
models and not from an approximated and inexact STL 
representation. The duration of sectioning of a body 
directly in the CAD data base is, in addition, consider- 
ably shorter than that required in the conventional 
STL/SLI process. 


Theoretically, the data of the cross section file already 
contains all the information required to construct a 
model by means of RP techniques (e.g., stereolithogra- 
phy). As output format for the sectional data, we have 
chosen the Hewlett Packard Graphics Language [HPGL] 
since it is the standard in plotter and printer use and is 
supported by all CAD programs. The HPGL plot format 
also recommends itself in that it basically involves a 3D 
laser plotter in stereolithographic machines. The two- 
dimensional geometric information of the cross section 
is exclusively represented in HPGL files by means of 
lines, curves, and circles, in which, for example, the 
circles are determined by their center point and radius. 
As an additional parameter, an angle increment estab- 
lishes the point density in curves and circles, thereby 
making it possible for the exposure of such geometric 
elements by means of points to be effected with the 
desired precision. 


The direct section method permits a number of different 
objects to be sectionalized at the same time in one 
operation. This is achieved by placing the objects on a 
surface in the user-defined CAD program, whose size is 
determined by the extent of the exposure surface of the 
RP machine. The bracket structures required for the 
construction process are likewise generated in the CAD 
system and are sectionalized together with the object. 
After the sectioning process, a set of HPGL vector files 
are available that describe the objects and brackets 
completely, section by section. The files contain all 
information about each cross section of the different 
objects and their spatial disposition with respect to each 
other as well as all information about the shading defi- 
nition and bracket structures. At this point, the models 
can already be constructed by an RP machine. Using the 
new method, even a 2D-CAD system is adequate for 
simple profile bodies (invariable cross section). In such 
cases, only two HPGL files are required, one for the 
profile and one for the brackets. 


For a focus-corrected production of objects, the final size 
of the 3-D plotter’s “pen,” i.e., the diameter of the 
focussed laser beam, requires a position and length 
correction of all of the HPGL section file’s geometric 
elements. If the position of the laser beam, of all cross 
section delimiters, and shadings is redrawn, the radius 
value must be shifted or shortened in the direction of the 
solid material. In order to execute a focus correction, one 
must distinguish between delimiters that enclose the 
solid material (external type) and those that are enclosed 
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by the solid material (internal type). We have developed 
a software that undertakes this identification and which 
permits a precise laser beam correction to be made. In 
addition, the software changes the data format of the 
HPGL file. When stored in the new data format, the size 
of the HPGL file is reduced by at least a factor of two 
without any loss of information. This data transforma- 
tion can occur concomitantly with section generation so 
that both procedures end almost simultaneously. The 
storage reduction translates into an enormous time sav- 
ings in loading the section file in the basic storage of the 
RP machines before the exposure of the particular sec- 
tion. 


To clarify some basic properties of the new method, 
Figure | [not reproduced] shows a screen photograph of 
a shaded simple object (constructed by means of pro/ 
engineer) and a part of a bracket structure. A momentary 
cross section during the section generation is likewise 
shown. The model and the bracket display different 
shading densities (the density of the model shading has 
to be much greater for the construction process). Figure 
2 is the cross section drawn as the HPGL plot, wherein 
identification based on delimiter type is shown. 


Conclusion 


A new method employing RP techniques as, for example, 
stereolithography. has been developed to construct pro- 
totypes. To do this, mathematically precise cross sec- 
tions are stored in the HPGL standard format. Apart 
from the basically more precise description of this form 
of representation as compared to the conventional STL/ 
STI process, the advantages of this method of direct 
sectioning lies in the substantial shortening of the time 
expended and in the cost savings resulting therefrom. 


The laser modelling system [LMS], based on this new 
method, has been in successful operation for several 
months. The LMS uses an argon-ion laser that delivers a 
power output of several hundred milliwatts at different 
wavelengths in the ultraviolet sector of the spectrum. 
The method also permits rapid model construction in 
cases where the hardening depths are greater (layer 
depths to 0.5 mm). Thanks to the adjustable laser 
emission wavelengths, liquid plastics with different 
absorption behaviors, produced by different companies. 
can be processed. Consequently, provisions have been 
made for rapid changes between different size liquid 
containers. 


The authors. Dr. M. Fockele and Dr. D.Schwarze, are 
the principals in Fockele and Schwarze GbR, Borchen- 
Alfen. 


Photo Captions 


1. p. 64 (lower left): Screen raster plot of a CAD object 
during the direction section process 


2. p. 66 (upper center): HPGL plot of the cross section of 
Figure |. Outer contour of object and bracket: thick 
lines; inner contour: thin lines 
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France: CNRS Endows Robot With Visual 
Capacity of Housefly 


BRO710134993 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 17 Sep 93 p 5 


{Unattributed article: “French Robot With the Eyes of a 
Housefly”’} 


[Text] Paris—The research by French neurobiologist 
Franceschini is fully oriented toward technological 
applications. The result is surprising: He has endowed a 
robot with the visual capacity of a common housefly. 


Franceschini himself is happy to call it a minor revolu- 
tion in robotics. Although his brainchild is not yet ready 
to be put to work, the invention may fairly be described 
as rather significant, since it pushes back the boundaries 
of artificial intelligence just a little bit further. 


The robot was developed as part of a scientific program 
at the French National Center for Scientific Research 
(CNRS) in Marseilles. Franceschini started out from the 
principle of a fly’s eye, which comprises a large number 
of neurons. Some nerve cells serve no other function 
than to receive signals relating to movement. This infor- 
mation enables the fly to find its way around in a given 
space. The robot also has sensors that can observe 
movement between itself and its surroundings. Its 
“eyes” begin working when it starts moving, and do not 
operate when it is at rest. The built-in photoelectric cells 
are embedded in a sort of circular “vision strip” 
wrapped around the body of the apparatus, and enable 
360-degree vision. Each cell is connected by switches to 
an electronic system that processes the signals and con- 
verts them into motion. The robot rolls and moves at a 
speed of 0.5 meters per second, avoiding any obstacles 
placed in its path. The device has no memory, and 
therefore does not need to be fully programmed, as does 
a “conventional” robot, which can only recognize things. 
Franceschini hopes that his technology will be used to 
improve the sight of conventional robots. 


LASERS, SENSORS, OPTICS 


Germany: Optical, Digital System for 
Three-Dimensional Measurements 


93WS0577A Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 21 Jun 93 p 10 


[Text] 


Measuring Head Is a New Halftone LCD Matrix 
Projector 


Even Complicated Surfaces Can Be Surveyed 


Optical measuring systems play an ever greater role in 
industrial production. However, even in two- 
dimensional measuring systems, expectations are fre- 
quently too high for measurement precision and data 
transfer into CAD systems, reports Professor Robert 
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Massen of Steinbeis Transferzentrum Konstanz, Am 
Seerhein 8, 7750 Konstanz. One source of error is the 
contactless optical measuring technique. With this 
method, the shape of a workpiece edge can only be 
determined indirectly using differences between light 
and dark and not directly as with tactile procedures. An 
additional problem is the transfer of the measured con- 
tour data into CAD systems and the decomposition of 
the data into CAD symbols. This “reversed engineering” 
is not without difficulties, particularly because of the 
high number of data points in optical procedures. 


Massen has now developed an optical measuring and 
digitizing system, called Optoshape, which makes it 
possible to carry out fully automatic, highly precise 
measurement of objects in three dimensions. The system 
works on the basis of strip projection. The measuring 
head consists of a new halftone LCD matrix projector 
with which sinusoidal strips are projected onto the object 
under investigation. The period and phase of these strips 
can be changed. By means of this phase shift procedure, 
even objects near sharp edges and unclear boundary 
zones can be measured very precisely. Furthermore, the 
procedure has a high tolerance for optical differences in 
the object surface, such as dull or shiny spots. 


An object is measured by moving the measuring head or 
the object in five axes. In this way, even surfaces with 
complicated structure can be surveyed. All views of the 
object are combined in an object-specific coordinate 
system. The object is displayed in pseudo-3D on the 
computer screen as a halftone depth image or shading 
image. 


The measurements can be exported to CAD systems for 
further processing. If the surfaces are unambiguous, 
milling data for a five-axis milling machine can be 
calculated directly from the scatter diagram. The round- 
about route through the CAD system can be omitted. 
This is especially advantageous for rapid production of 
copies of an object. 


There are a wide range of applications for Optoshape. 
Among them is the “rapid prototyping” of consumer 
products. These products, according to Massen, are 
increasingly designed from ergonomic and aesthetic 
viewpoints. Thus, high demands are placed on product 
design. The first design steps frequently include very 
creative but not highly mechanized procedures. A 
designer would rather shape models with his hands than 
construct them with CAD systems. With Optoshape, 
these models can now be converted very quickly into 
CAD data or copied immediately. Therefore, less time is 
required for production of the prototype. In this way, the 
preliminary studies and models can also be archived 
using PCs. In the field of medicine, the system can 
measure body parts and impressions and be used in the 
rapid production of prostheses. 


It takes about eight minutes to record an object in 10 
views with a total of 1.5 million XYZ coordinates using 
Optoshape. Surface details measuring up to about 20 
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micrometers are recorded. The calculation of a milling 
data record for automatic manufacturing of an object 
copy takes about ten minutes. The system requires a 486 
PC and runs under Windows. 


Germany: Mobiltherm-2 Device Developed for 
Environmental Measurements 


93W’S0577B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 22 Jun 93 p 8 


[Text] 


Karlsruhe Institute Develops Ultrasound Welding for 
New Applications 


In water and waste water analysis techniques, errors are 
frequently made not in the measurement, but rather in 
the collection, preservation, and transport of samples. 
However, rapid and exact measurements are often nec- 
essary, especially in monitoring discharges into the sew- 
erage system. With the Mobiltherm 2 measuring device 
from the Wissenschaftliche Werkstatt fuer Umwelt- 
messtechnik GmbH (Herrengraben 63, 2000 Hamburg 
11), it should be possible to obtain evidence of pollutant 
discharge on site in a matter of minutes. According to 
company statements, applications for the device range 
from detecting ground water in soil layers, monitoring 
seepage water from landfills, testing waste water in 
sewage treatment plants, and monitoring effluent in 
galvanic baths to measuring river, lake, and sea water. 
The device employs a gas-heated oven with interchange- 
able reactors in which the water samples are treated 
thermally. By means of intensive flame control, temper- 
atures of about 1200 degrees Celsius could be reached 
within a few minutes. Displacement, oxidation, and 
decomposition procedures would thus be possible in the 
smallest possible space, they say. Mobile determination 
of heavy metals, phosphate phosphorus, volatile organic 
substances, hydrogen sulfide, and total carbon and 
nitrogen should also be possible, as shown here in the 
photograph. [Figure not reproduced] 


Germany: Glass, Ceramics, Metal Joined by 
Welding 


93WS0577C Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 22 Jun 93 p 8 


[Text] 


Karlsruhe Institute Develops Ultrasound Welding for 
New Applications 


If industrial ceramics or glasses have to be joined with 
metallic materials, they are frequently glued. This could 
change in the future. Glass-metal joints can also be 
welded and then often support heavier loads than glued 
joints. The prototype of an ultrasound welding device for 
these materials has been developed at the Chair for 
Materials Science and Mechanical Technology (Profes- 
sor Dr. Erwin Roeder) of the University of Kaiserslau- 
tern (P.O. Box 3049, 6750 Kaiserslautern). 
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With this procedure, other brittle materials such as glass 
ceramics and high-tech ceramics can be joined wiih 
metals. Areas of application include the electrical engi- 
neering, optical, precision engineering, and chemical 
industries. As the Karlsruhe Institute reports, ultrasound 
welding has long been used for joining metals with 
plastics. 


Ultrasound joints between britthke compounds and 
metals, on the other hand, were hitherto unknown. For 
these purposes, the Karlsruhe scientists use a welding 
system whose essential components include an ultra- 
sound generator, a piezoelectronic converter, a booster, 
and a sonotrode (welding tool). 


The materials lie on top of an anvil provided with an 
elastic coating. A static welding force acts on them from 
above and the ultrasound oscillations from the side. 
With the aid of the booster and the sonotrode. oscilla- 
tions are converted to an amplitude of between 10 and 
20 micrometers. The actual welding process takes only a 
few tenths of a second. 


In Karlsruhe, materials such as glass ceramics, tempax., 
and borosilicate are welded together with aluminum, 
nickel, titanium, and V2A steel using the ultrasound 
technique. All these joints proved to be very strong in 
subsequent tension and shear resistance tests. If the 
tension and shear force was too high, the bonding layer 
never gave way, but rather the more brittle joint compo- 
nent was destroyed. 


In this way, the welded joint always attained the strength 
factor of the most brittle component and so was often 
superior to conventional glued joints. The fog test with 
salt solutions showed that the joint zone also exhibited 
good resistance to environmental corrosion. Meanwhile. 
preliminary success in ultrasound welding of glass with 
glass has been achieved. 


In addition to the high strength of the joint, the advan- 
tage of this procedure lies in the extremely short welding 
time. Furthermore, heating of the material is restricted 
locally. Even processing of materials with very different 
thermal expansion coefficients is possible using this 
method. A welding filler and pretreatment of the mate- 
rial are unnecessary, it is reported. Furthermore, the 
procedure can easily be automated, and the equipment 
has a long service life. There are many areas of applica- 
tion for the Karlsruhe welding system. For example. it 
could replace impermancnt glued joints between glass, 
ceramic, and metal in products and equipment from the 
chemical industry. Additional applications are the 
bonding of piezoceramics with metal conductors, the 
stable positioning of optical lenses, and the permanent 
joining of glass fibers with metal guide elements. Finally, 
uses in window construction, in the manufacture of 
optical glasses for instruments, and in the joining of 
other nonmetal-metal transitions which must be perma- 
nently impervious to diffusion are also conceivable. 
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German-Asian Development of Color Picture 
Tubes Reported 


93WS0577D Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 22 Jun 93 p 8 


[Text] 


Nokia Again Wants to Manufacture Color Televisions 
in Germany 


Highly Automated Factory / The Picture Tubes Come 
From Poland / Fewer Components 


Up to now, no-one disputed that color televisions with a 
visible picture area measuring 34 centimeters diagonally, 
over a million of which were sold last year, could not be 
manufactured in Germany. After all, these small appli- 
ances sell at most for 399 German marks [DM] a piece in 
the store. After subtracting profit margin, marketing 
costs, and added value tax, little more than DM200 
remain for the manufacturer. At our high wage level, 
argues industry, sets like these cannot be produced for 
that price. 


But factories in the Far East do it. Japan and Korea, for 
example, are no longer low wage countries today. The 
Asian producers can even afford freight, insurance, and 
14 percent EC import duty. Their advantage is, among 
other things, the purchase of picture tubes and compo- 
nents at a good price. If Nokia Home Electronics now 
advertises these small appliances from the Bochum plant 
at competitive prices, there must be special circum- 
stances. 


This plant is highly automated, so that personnel costs 
account for five percent of the sales price of the set— 
which makes the German wage level less frightening. A 
critical factor is the procurement of a cheap picture tube 
which meets European quality demands and makes up 
about 35 percent of the price of the set. It is supplied by 
the Polcolor plant in Warsaw, taken over last year by 
Thomson, which has a capacity of one million small- 
format tubes. 


Furthermore, it was possible to reduce the time required 
to manufacture the set by almost two thirds, since highly 
integrated chips radically reduce the number of compo- 
nents needed. Ninety-five percent of all components are 
positioned automatically on the circuit board. And 
although the proposed price guidelines will be followed, 
this is by no means a pared-down, low-priced product. 


On the contrary, these new portables are impressively 
equipped with automatic search tuning, remote control, 
multistandard reception, on-screen operator prompting, 
and, if desired, videotext and Euro-AV jacks. According 
to the company, construction takes ecology into consid- 
eration. For example, only single-type plastics and a 
minimum of materials are used, so that later repro- 
cessing is simple. 
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Power consumption is variable as well, since picture 
brightness is adjusted to the environment with the press 
of a button. During the day the set runs with full power 
draw, while in the evening the picture is less bright: 
however, in view of the reduction in overall brightness. 
this does not mean a loss of quality. 


Dr. Helmut Stein, as vice president for research and 
development at Nokia, suggests another reason for 
bringing the manufacture of portables back from the Far 
East: “The relocation of simple standard sets eastward 
holds an obvious danger for European industry. In the 
long term, it would lose its know-how in competitive 
products and soon be unable to manufacture higher 
quality television sets with larger picture screens and 
more sophisticated technologies economically. 


Germany: Increased Computer Memory Using 
Blue-Spectrum Laser 


93WS$0636D Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 8 Jul 93 p 8 


[Article by R.E.: “Blue-Spectrum Laser Stores Data With 
Record Density; IBM: New Memory Technology Ready 
for Use in Four or Five Years”’] 


[Text] Frankfurt—Scientists at the Almaden IBM 
research center have developed a data-storage system 
that can, with blue laser light, store about 400 million 
bits per square centimeter on a magnetooptical disk, 
IBM Germany Information Systems, Ltd., in Stuttgart 
reports. With this system the storage density is five times 
as high as that of all hitherto rewritable optical memory. 
With this data density a two-sided writable optical disk 
with a diameter of 5.25 inches would have a capacity of 
6.5 gigabytes. 


The most important component is a blue-spectrum laser 
whose wavelength is raised to 428 nanometers by dou- 
bling the frequency of an infrared laser. The pulse-width 
modulation process also contributes to the high storage 
density, which alone can increase the density by over 50 
percent. With sample servotracking the write-read head 
can be precisely positioned on the grooveless disk. The 
disk materials were also optimized. However, a great 
deal of development is still necessary to render the 
results that have now been obtained in the lab commer- 
cially usable. The new storage technology could perhaps 
be on the market in as soon as four or five years. Its first 
applications may be as the system in products for large 
optical archives in which disks are kept in readiness for 
write-read access in so-called jukeboxes. Enterprises with 
huge data inventories like insurance companies, banks, 
and hospitals already use these kinds of jukeboxes for 
rapid access. 


But at IBM they are also working on reducing the size of 
a blue-spectrum laser unit that is today about the size of 
a VHS videocassette to a unit small enough to fit into a 
personal computer or a work station as well. 
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REOSC Receives VLT’s First Primary Mirror 


93WS$0662A Paris AFP SCIENCES in French 29 Jul 93 
p 13 


[Article: “First VLT Mirror Arrives Near Paris’} 


[Text] Paris—The first primary mirror of the ESO's 
[European Southern Observatory’s] giant telescope, the 
VLT, is a unique piece of glass in the world, measuring 
8.2 meters in diameter and 17.7 cm thick. On 27 July it 
arrived at a shop of the REOSC [Research and Studies in 
Optics and Related Sciences] company, at Saint- 
Pierre-du-Perray, in Essone, on the outskirts of Paris. 


In this shop, built specifically for the purpose by 
REOSC, this flexible mirror will be ground and polished 
over the next 23 months, before being sent to Chile in 
1995. “Its container has been opened. The mirror is in 
good shape,” said an REOSC official. 


The manufacture of this 22-ton piece of Zerodur, a 
vitroceramic with a negligible coefficient of thermal 
expansion, by the Schott company, at Mayence, Ger- 
many, already represents an exploit. Forty-five metric 
tons of molten glass, at 1,600°C, were poured into a 
rotating cylindrical vat with a concave bottom in the 
spring of 1992. The assembly was then cooled slowly 
over the next four months, bringing its temperature 
down by 900°C, before starting the annealing operation. 
After an initial machining, a 9-month ceramization 
phase followed, which in turn was followed by the boring 
of the center hole of the mirror, and the polishing, 
representing another several weeks of work. 


This first mirror was officially delivered to the ESO on 
25 June. The ESO forwarded it to REOSC, which was 
responsible for the transporting of the mirror as far as 
France, and for its polishing. The mirror was brought 
down the Rhine to the North Sea, in a special container 
manufactured by REOSC and Framatome, then up the 
Seine to Evry, before being transported by truck to 
Saint-Pierre-du-Perray, on the night of 26-27 July. 


The REOSC shop occupies an area of 1,100 square 
meters, and includes a building 70 meters long, overhung 
by a tower 70 meters high. A first machine, equipped 
with computer-controlled robots, emery-grinds the sur- 
face of the mirror. A second machine at the base of the 
tower then does the final polishing with a tool controlled 
to within one one-hundredth of a millimeter. 


The realization of this mirror is a world first. The largest 
one-piece (and rigid) telescope, the BTA-6 at Zelent- 
chouk in Georgia, measures only six meters in diameter. 
Currently, there exists (in the process of being adjusted) 
one telescope of larger diameter, the 10-meter Keck on 
Mauna Kea in Hawaii. But it is an assembly of 36 
hexagonal mirrors. 


REOSC already performs 70 percent of the polishing of 
European optical equipment. It is responsible, in partic- 
ular, for that of the Spot, Hipparcos, and Meteosat 
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satellites, and of numerous telescopes, including the 
ESO’s NTT [New Technology Telescope]. 


The VLT’s four 8.2-meter telescopes will be poured by 
Schott and polished by REOSC. By the start of the 21st 
century, the VLT will be the equivalent of a 16-meter 
instrument and will then be the world’s largest telescope. 


Germany: Computer-Controlled Camera System 
Operates in Free-Fall 


93WS0695A Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 13 Aug 93 p 8 


{““Parsytec: Transputer System Records up to Ten Sec- 
onds of Photographic Data”’] 


[Text] sel. AACHEN. Aspects of microgravitation in a 
free-fall from a height of 146 meters are now being 
investigated in the free-fall tower of the Center for 
Applied Space Technology and Microgravitation in Bre- 
men. Parsytec Industriesysteme GmbH in Aachen has 
developed a digital video recorder that is able to show 
what is happening in the capsule during the free-fall. The 
device, which is equipped with a transputer net, records 
the complete screen data in detail. In all, 32 megabytes of 
data accrue in 4.7 seconds of free-fall. 


Parsytec states that conventional video recorders cannot 
capture the high-resolution images with their 512 times 
512 pixels with the necessary quality. The TIP image- 
processing system, which is subjected to extreme loads 
during the landing, is fitted with a special data channel 
that can transmit data in a continuous band width of 100 
megabytes per second. 


In this way it is possible to distribute the data obtained 
by the camera to the transputer net in real time and to 
store them in the collecting vessel until the capsule 
impacts a 5-meter-thick layer of styrofoam flakes. On the 
ground the data is automatically overwritten to a built-in 
fixed disk. A personal computer can then be directly 
connected and the evaluation of the data begun. 


Parsytec reports that the transputer net can store up to 
63 megabytes, which corresponds to a recording time of 
about 10 seconds. Thus, experiments involving both 
weightlessness and normal gravity can be recorded and 
later compared. 


Netherlands: Laser-Frequency-Doubling Polymer 
Discovered 


BR0610145993 Rijswijk POLYTECHNISCH 
WEEKBLAD in Dutch 20 Aug 93 p 3 


[Article by Harm Ikink: “Organic Material Produces 
Blue Laser Light’’} 


[Excerpts] Enschede—On August 20, at the University 
of Twente, Erik Kelderman gained his doctorate in the 
study of new organic materials which are capable of 
doubling the frequency of infrared lasers. The result is 
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then blue light. One type of material in particular 
appears especially suitable. Semiconductor lasers emit- 
ting blue light play an important role in the development 
of the optical data carriers of the future. 


In this case, frequency doubling means infrared light in, 
blue light out. This is the result of a subtle interaction 
between light and matter, which is usually not observ- 
able. Usually, only the dominant first-order linear 
optical effects—refraction in a prism or a change in light 
polarization in sunglasses—are visible. Weak interac- 
tions of higher order are only significant when intense 
beams of light, such as those from a laser, are combined 
with special materials. Such non-linear optical (NLO) 
effects, such as the switching of light with light (a 
third-order effect), play a key role in current optoelec- 
tronics, with the exception of the frequency doubling of 
laser light (a second-order effect). [passage omitted 
describing frequency doubling technology developed by 
IBM] 


Molecular Vases 


For this reason, alternatives have actively been sought in 
the field of polymers. PhD candidate Erik Kelderman, of 
the organic chemistry research group at the University of 
Twente, found a suitable candidate. It is a new material 
with a strong second-order NLO effect which appears to 
be highly suited to frequency doubling of infrared light 
from a diode laser. The researcher from Twente was 
working on so-called calix[4]arenes [as published]. These 
are cyclic compounds of phenol rings—Kelderman used 
four rings for his experiment—which are extremely 
suitable for molecular engineering. They can take on a 
stiff, three-dimensional shape, slightly resembling a vase. 
To the upper and lower surfaces of this molecular vase, 
Kelderman attached groups with special electron distri- 
butions. Together with the mobile electrons from the 
phenol rings, he built a calix[4Jarene system which 
demonstrates a strong interaction with laser light. The 
electrons from this molecule are more or less capable of 
swaying with the electromagnetic wave movement of the 
laser light. They thus become a source of radiation 
themselves, which interferes with the original laser 
beam. The effect is that the laser beam entering one side 
of the vase exits at the other side with doubled fre- 
quency. 


With the correct molecules at his fingertips, Kelderman 
advocated making a material which would also demon- 
strate the NLO effect on a macroscopic scale. He suc- 
ceeded in doing so by polarizing the molecules after 
embedding them in a polymer matrix. The material is 
placed in an electrical field at high temperature and, 
because the substituted vase molecules are highly polar, 
they all turn toward the electrical field. When they are 
cooled, they retain this orientation and the new NLO 
polymer is created. The material obtained in this way not 
only has an unknown strong interaction with the laser 
light, but it also appears to be extremely stable. At room 
temperature, Kelderman is convinced that the NLO 
effect will remain the same for many years to come. It 
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therefore has considerable potential in applications for 
blue lasers, all the more since the calixarenes are highly 
transparent for that wavelength and therefore absorb 
virtually no energy. This is particularly significant if the 
strength of the light aimed at the vase increases. Follow- 
up research is now aimed at further increasing the 
stability of the material at higher temperatures and 
developing devices which can make further use of the 
NLO effect. 


NUCLEAR R&D 


Germany: New Reactor Concepts Seen as Future 
Development 


93WS0636B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 5 Jul 93 p 10 


[Article by Scha.: “Remaining Risk Should Be Smaller 
Again; New Nuclear Power Plant Designs Will Be Ready 
for Market by Turn of Century at the Earliest”’} 


[Text] Frankfurt—The advocates of nuclear power— 
which, from the viewpoints of climate protection and 
environment in particular is of special importance— 
want to win back political and public acceptance for it 
with reactors that are even more reliable than the ones in 
use up to now. With these future reactors that are already 
being developed, the consequences of a nuclear plant 
meltdown should remain limited to the immediate 
vicinity of the plant. A nuclear meltdown is today an 
extremely unlikely occurrence, but also one not to be 
completely ruled out and which would lead to the worst 
of all imaginable nuclear reactor disasters. 


As Prof. Martin Dehli of the University for Applied 
Technology in Esslingen asserts in the journal 
STROMTHEMEN (IZE [Information Center for Public 
Electricity Supply]), the additional costs for the develop- 
ment of new reactors, and later decisions on their con- 
struction, can only be financially warranted if there is a 
reliable outlook for nuclear energy in the long run. 


German and French nuclear power plant operators are 
already cooperating with the aim of jointly developing a 
big European pressurized water reactor. As concerns the 
nuclear plant industry too, there is Franco-German 
collaboraiton between the two European market leaders, 
Siemens and Framatome, which founded the joint sub- 
sidiary, Nuclear Power International (NPI), as early as in 
1989. They have been working on the design for an 
optimized, in terms of safety technology. light water 
reactor, the EPR (European pressurized water reactor), 
which should produce an electric power output of 1,500 
megawatts. It will be production-ready by 1998. The goal 
is to further reduce the already extremely slight possi- 
bility that a meltdown may occur. The EPR will also 
have four mutually independent safety systems. To 
avoid any damage to one of the three other systems as a 
result of the failure of one of the four systems, the EPR 
safety systems will be in each of four segments of the 
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reactor that are completely separated from one another. 
Each safety system will dispose of its own generous water 
supply, sufficient pump power, and its own power supply 
further safeguarded by a diesel generator for power in an 
emergency. This is expected to ensure with even greater 
reliability than has been attained up to now that all the 
safety arrangements will never become inoperational 
simultaneously if destruction of the reactor occurs. 


Other power plant manufacturers are betting on 
designing fundamentally new, smaller light water reac- 
tors. Thus the American firm of Westinghouse’s AP-600 
pressurized water reactor, with an electric power output 
600 megawatts, achieved through reduced power density 
in the reactor core and passive—that is, automatically 
operating in the event of failure—safety technology 
elements, is expected to behave in a particularly “good- 
natured” way. 


General Electric has designed the SBWR, a simplified 
boiling water reactor, which will also produce about 600 
megawatts. And the Swedish-Swiss-German combine, 
ABB [Asea Brown Boveri], is working on the design of 
the Pius 600 reactor. However, these designs will prob- 
ably hardly be commercially ready to appear on the 
European market before the year 2000. 


Italy: Elettra Synchrotron, Programs Described 


MI1210125093 Turin MEDIA DUEMILA in Italian 
Sep 93 pp 32-36 


[Article by Laura Capuzzo: “New Light From Elettra on 
the Carso Plateau”’} 


[Excerpts] Trieste. 1993 is the year of “Elettra,” the 
synchrotron light laboratory that is about to enter into 
operation on the Carso plateau, just behind the Slove- 
nian border. For the Trieste Research Area, which is 
directly involved in the undertaking, this is a very 
important occasion. It means seeing the realization of 
the most longed for, most contested, and most 
demanding project of those being carried out inside 
Italy’s first science and technology park. The project 
started more than six years ago in April 1987. It has been 
carried out to schedule and has overcome various kinds 
of obstacles. It will provide Italy and the international 
scientific community with an unparalleled strategic 
instrument for the evolution of technology, that will 
enable particularly sophisticated research to ve carried 
Out into the structure of materials. The scientific and 
business world will have a structure at their disposition 
that is destined to be used for a vast range of applications 
in biology, chemistry, and solid state physics. [passage 
omitted] 


With the decisive support of Granelli, who was minister 
of research at the time, funding was obtained for a third 
generation European machine in Trieste. Seventy-five 
billion lire came from the government and a further 75 
billion came from the Friuli-Venezia Giulia regional 
authorities. Synchrotron Trieste was formed at this time 
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in 1986. It is a joint stock company set up by a consor- 
tium and entrusted with the task of constructing and 
managing the machine. The company still remains the 
only public-sponsored company in Italy. Its members are 
the Research Area Consortium, the Friulia regional 
funding company, the SPI [Industrial Development and 
Promotion] company of the IRI [Institute for the Recon- 
struction of Industry] group and the research division of 
ENI [the National Hydrocarbons Corporation]. Nobel 
prizewinner Carlo Rubbia is the president. 


Renzo Rosei, the manager of the scientific division, 
reminds us that: “A big problem that required an imme- 
diate solution was the choice of the site for the machine. 
Controversies and worries about the environment 
slowed things down. In the end, after the signing of a 
protocol of intent by the Region, the Trieste munici- 
pality, the Slovenian organizations in the area, and the 
Mountain Community, it was possible to start work on 
the so-called site °T8* at Basovizza, a few kilometers 
from the Research Area in 1991. It was an ideal solution 
because, in order for the machine to work well, it had to 
be constructed on solid ground that did not vibrate very 
much. A flat site was chosen. It was mainly barren and 
there were no underground caves, so it gave adequate 
assurance as far as safety and stability were concerned. 
However, as it was situated on the Carso, an area with 
unique natural characteristics, both the scientific 
requirements and the enivronmental impact were taken 
into consideration.” 


Rosei continues: “We took the trouble to study the best 
ways in which the machine could be harmoniously set 
into the environment. Its overall dimensions have been 
kept to a minimum, no more than a football field. The 
area taken up by the laboratory measures 10,444 square 
meters and only three hectares have been set aside for the 
construction of the machine and the auxiliary build- 
ings.”” At this point the entire operation required addi- 
tional investments, therefore in May 1991 a second 
allocation of 140 billion lire was made by the CIPE 
[Interministerial Committee for Economic Planning}. 
Ninety billion lire came from the government and the 
remaining 50 billion lire came from local bodies.” 


How does Elettra work? How is synchrotron light pro- 
duced? Mario Puglisi, who was responsible for the 
project before his recent, unexpected death, explained: 
“A complex made up of two accelerators that function in 
series has been constructed at Bassovizza. The first of 
these is the injection system and the second is the real 
light machine.” The electrons are generated from a 
thermionic source and are accelerated up to an energy of 
1.5 billion electron volts by a LINAC (linear accelerator). 
LINCE functions like a big gun and fires packets of 
electrons into the accumulation ring, which is a synchro- 
tron where the magnetic field is kept constant. Here the 
band of electrons keeps revolving at constant energy for 
many hours, until it deteriorates and the injection pro- 
cedure has to be repeated. 











JPRS-EST-93-034 
2 November 1993 


The accumulation ring is built of steel and has a 260- 
meter circumference. It is made up of 12 rectilinear 
sections that are joined together by curved sections, 
where curving magnets are installed. The packets of 
electrons travel at about the speed of light. They meet 
magnetic fields generated by curving magnets, ripplers, 
and wigglers as they orbit. Every time they pass through 
these magnets they produce synchrotron light. At this 
point the light is sent along special tubes that lead to the 
experimental laboratories of the researchers. 


Puglisi underlined: “The essential condition is to 
manage to keep the band of electrons as compact and 
narrow as possible. Even a very small variation in 
temperature or an imperceptible oscillation of the struc- 
tures could compromise the result. That is why the 
limestone terrain on which the machine has been con- 
structed is of utmost importance. Just one strong earth- 
quake could oblige the researchers, who work round the 
clock in an airconditioned environment, to recalibrate 
the trajectory of the electrons by realigning the magnets 
of the ring.” 


Elettra Synchrotron, Programs Described 


The big news is the strength of Elettra with respect to the 
other machines in existence and the exceptional “bril- 
liance” of its light that is obtained using revolutionary 
techniques. We are talking about a world record for 
“brilliance” in the area of soft x-rays, of a light from 100 
to 1,000 times brighter than that currently produced in 
the other laboratories in the United States (Bookhaven, 
Stanford), in Europe (Berlin, Frascati, Daresbury, 
Orsay), and in Japan (Tokyo, Tsukuba). 


Puglisi pointed out that the increase in brilliance “will 
allow all the experimental sciences to make an enormous 
jump in quality, and that it would open up new frontiers 
and enable scientific discoveries that cannot be foreseen 
now to be made for the benefit of our society. It would 
make it possible to perform experiments that cannot be 
done today, as well as making it possible to perform, in 
a very short time, those that are possible today.” 


For example, it took the Nobel prizewinner Perutz 14 
years to determine the structure of hemoglobin. The 
same study could have been completed in a few days 
using Elettra! The radiation produced in the laboratory 
in Trieste does, in fact, allow the structure of viruses and 
proteins to be studied at an atomic level. This can help 
research into antiviral agents and vaccines that is of 
particular interest to the pharmaceutical and biotech- 
nology industries. The “ad hoc” preparation of a medi- 
cine for each individual pathology is not to be excluded. 


The mechanism of the formation of tumors could also be 
the subject of a study by Elettra. A light line will 
probably be dedicated to mammographs for research 
into the early diagnosis of breast cancer. The goal is to 
increase the diagnostic effectiveness, reducing the dose 
of x-rays used. This will begin with a feasibility study, 
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using in vitro samples, but once the validity of the 
method has been demonstrated a routine therapy could 
be hypothesized. 


Synchrotron light will also intervene in the field of 
materials science. It will be possible to have a better 
understanding of certain phenomena, such as the func- 
tioning of high temeperature superconductors, using new 
experimental techniques. This could lead to applications 
that sound like science fiction, such as trains running on 
magnets. 


Furthermore, a study of the processes of catalysis could 
reveal itself to be of particular interest. In fact, thanks to 
synchrotron light, it will be possible to study the catalytic 
breakdown of the sulfurous and nitrous oxides in the 
fumes emitted by thermal power plant chimneys. This 
will assist research into new processes that are less 
expensive and more efficient for the construction of 
catalytic converters, and to produce a potential substi- 
tute for benzene by trying to synthesize methanol using 
catalysts. 


Trieste Synchrotron Managing Director Giuseppe Viani 
warns: “These are only some of the possible industrial 
applications of Elettra. It could also enter the fields of 
optics, lithography, and micro mechanics.” The initial 
stage will start with the eight light lines that have already 
been commissioned out of the 22 that are available. 
Three have been assigned to the CNR [National 
Research Council] and one each to ENEA [National 
Agency for New Technologies, Energy and the Environ- 
ment], the research division of ENI [National Hydrocar- 
bons Corporation], Rome University, the Austrian 
Academy of Sciences, and the Lausanne Polytechnic. 
The CNR’s lines will be used to study the spectroscopy of 
photoemissions, diffraction by surfaces and diffraction 
linked to crystallography. The lines to be used by ENEA 
and the ENI research division will be functional as from 
next December. They will be used for research into 
electronic spectroscopy for chemical analyses. 


Viani states: ‘Numerous other contacts are being made 
both with research institutes and with industries at home 
and abroad. A promising approach with private industry 
has also been initiated. Certainly interest is destined to 
increase in the immediate future, because Eletira is 
starting to function precisely at the time when there is a 
shortage of synchrotron light in Europe,and there is a 
need for 1,000 machine hours’ per week, against an 
availability of only 700." The companies that are cur- 
rently negotiating include Degussa (a German chemical 
company that is engaged in the production of catalyzers), 
Basf (a company producing magnetic tapes), Microparts, 
the Oxford laboratories, Bayer, Hoechst, and Ciba 
Geigy. “The choice of Elettra’s scientific projects,” Viani 
adds, “is based on the criteria of originality and the 
excellence of the proposals. It takes into account the 
maximum utilization of the machine's possibilities. The 
utilization of the machine will never be exclusive but will 
be open to the entire scientific community. The lines can 
be simply rented.” 
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In addition to the use of the light lines, another possi- 
bility for collaboration with countries that are interested 
in developing research and in particular in constructing 
similar synchrotron laboratories, is going ahead. In fact, 
requests have come from Germany and Switzerland for 
the purchase of the high level of know-how that has been 
attained at Trieste. “This is an opportunity that should 
definitely be kept under consideration,” says scientific 
manager Rosei, “and it does not implicate particular 
problems of competition since Elettra will always have 
about five years’ advantage over oiher laboratories 
under construction.” 


Elettra: Essential User Data 
1. Approved Projects: 
It is estimated that there will be a total of 355 users: 


—42 percent engaged in physics, 39 percent in chem- 
istry, and 20 percent in biology and various other 
disciplines. 


—18 percent of the users will not be Italian. 


—49 percent of the users will be universities, 51 percent 
will be national or industrial nonuniversity laborato- 
ries universities. 


2. Possible Projects Under the Central European 
Initiative: 


—More than 700 researchers from 30 institutes. 


—9J countries will be involved. 


Programs ~ By Elettra: Research Areas and 
Numbers or Researchers 


—Physics: 150 
—Chemistry: 140 
—Biological sciences: 35 
—Others: 30 


Programs Approved By Elettra: Origin of Consumers 
and Number of Researchers 


—Industry: 50 
—Universities: 17 


—Nonuniversity government employees: 13 


Italy: Elettra Synchrotron Director Interviewed 


BR1210130193 Turin MEDIA DUEMILA in Italian 
Sep 93 pp 37-41 


{Interview with Nobel Prizewinner and Synchrotron 
Trieste President Carlo Rubbia by Laura Capuzzo; date 
and place not given; first paragraphs are MEDIA 
DUEMILA introduction: “Our Relationship With 
Eastern European Countries”’] 
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[Text] Trieste—The scientific world certainly has not 
been immune to the recent events that have shaken 
Eastern Europe. The breakdown of the barriers has made 
some problems seem worse and has made others almost 
disappear. In particular, a new type of relationship is 
building up, also on the scientific front, between the 
countries that were behind the old “Iron Curtain” and 
the developed, industrialized West. 


The existence of organizations such as the CEI (Central 
European Initiative), that have been working for some 
years now to develop a wide range of political, economic, 
technical-scientific and cultural cooperation between 
Central and Eastern European countries, is proof of this 
fact. The CEI was set up in November 1989 as a 
four-sided initiative between Italy, Austria, Yugoslavia, 
and Hungary. Since then the organization has grown. 
Czechoslovakia joined in May 1990 and was followed by 
Poland in July 1991. These six countries make up the 
“Hexagon.” At the end of last year Bosnia-Hertzegovina, 
Slovenia, and Croatia joined the Central European Ini- 
tiative, and Macedonia became a member in July 1993. 
Next year it will be Italy’s turn to take the presidency of 
the entire organization. At present Italy chairs three of 
the 13 work groups into which the activities of the CEI 
are divided. The science and technology work group is 
one of those chaired by Italy. 


Obviously Elettra finds itself in a favorable situation in 
this context, both because of its geographical position, 
and because of the vast experience that Trieste has in the 
field of international research. Italy itself could use the 
Trieste synchrotron as a strategic card to increase its role 
as a cultural reference point for Eastern Europe. MEDIA 
DUEMILA has interviewed Trieste Synchrotron Presi- 
dent Carlo Rubbia about all these subjects. 


International Participation in Programs Approved by 
Elettra: Country and Number of Researchers 


—Italy: 290 
—Austria: 30 
—Switzerland: 10 
—United States: 10 
—Others: 15 


Possible Collaboration With Elettra Under the Central 
European Initiative: Country and Number of Institutes 


—Italy: 14 
—Poland: 2 
—Slovenia: 2 
—Switzerland: | 
—Hungary: 2 
—Austria: 4 


—Former Czechoslovakia: 2 
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—Croatia: 3 
—Others: 3 


The Elettra Men 
—President: Carlo Rubbia 


—Program Advisory Committee President: Giorgio 
Margaritondo 


—Machine Advisory Committee President: Sergiv Taz- 
Zari 


—Managing Director: Giuseppe Viani 
—Project Management Director: Albin Wrulich 


—Scientific Management Director: Renzo Rossi 


Elettra Synchrotron Director Interviewed 


[Capuzzo] Professor Rubbia, before the fall of the Berlin 
Wall the Eastern European countries were already 
engaged in a wide range of scientific activities. Now 
these countries have a vast reservoir of under-exploited 
scientific talent. If there is to be a correct relationship of 
collaboration between the East and the West on a scien- 
tific level, how, in your opinion, should this situation be 
approached? 


[Rubbia] The countries of Eastern Europe are experi- 
encing enormous transitional problems due to the 
change from the culture of the “pre-Berlin Wall” times to 
that of today. Under the old system there was a funda- 
mental separation between universities on one hand, and 
academies on the other, and what is even more impor- 
tant, there was a fundamental separation between the 
academies and industry. What is needed now, for two 
important reasons, is a radical transformation of the way 
in which these people do their research. Firstly it is 
necessary to be able to train new people, the right people, 
chosen from those who have passed through the old 
schools. Experts in Lenin and Marx are no longer 
required. People who can get the productive machine 
working and bring about change are needed. The second 
fundamental change should be in the type of research 
activities. They should be transformed from subjects of 
interest and curiosity, that are detached from the eco- 
nomic and political machine, into a science that can 
generate jobs and can be the essential foundation of 
possible industrial products. Science must serve to 
improve the quality of life, create jobs, and contribute in 
the shortest possible term to filling the gap that has 
formed over the last half century, between scientists and 
the ordinary citizen. 


Therefore there is an absolute priority, as far as the 
relationships of cooperation between ourselves and these 
countries are concerned, to put science and technology in 
first place. On the other hand, this priority was also 
made clear by the law to help the countries of the 
Hexagon. I believe that it stated that no less than 15 
percent of the total funding should be spent on activities 
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of this type and | think that this was completely right. 
The people who made this law are to be praised. 


Now, in this respect, it seems to me that the problem is 
how to organize this type of relationship. Firstly, | think 
that the correct way to organize this type of collaboration 
is not through a form of aid but by means of an exchange, 
a relationship between partners who in the near future 
will certainly be equals. We must not think that we are 
dealing with developing countries. We are talking about 
people who have a cultural tradition that is similar to our 
own. Therefore it must be a mechanism that is based on 
an exchange between partners who are potentially 
equals, even if their financial situations are different. 
This is not a Marshall plan. We must establish contacts 
with the people who are most capable of responding 
whilst they are at work or even whilst they are still at 
university. These are mainly the young people, the 
researchers. Therefore | think that, for example, the idea 
of creating a Hungarian Academy that has recently been 
developed on the example of Princeton, is extremely 
valid. I also think that the idea of exchanges between 
university professors is a good one. 


However, I would say that, even if research at university 
level is definitely the basic element of all forms of 
research, the gap between the productive machine, the 
development of fundamental research, and the univer- 
sity system is too great today. For example it is not 
possible today, with a student, a technician, and a 
professor, to try to develop any form of technology or 
new idea that is capable of producing something useful. 
We are facing a world economy. Certainly the Japanese, 
the Americans, and the Europeans employ 50, 100, 200 
or 2,000 people when they have something that is 
interesting. Clearly ideas do not coexist in our economy, 
the big fish always eats the small fish, and therefore it is 
necessary to create a system of coordinates and a critical 
mass. Individualism, which means working on one’s own 
without worrying about the outside world, doesn’t func- 
tion any more. Here we must pass from the “prima 
donna” to the team concept. We must pass from isolated 
research to organized research. 


{[Capuzzo] How? 


[Rubbia] We have spoken about this a lot inside the 
Hexagon. We think that it is necessary to create a 
structure on different levels. Obviously the university 
world must be at the foundation level and this must not 
be replaced but must be reinforced by a second level, that 
we think could be regional. Centers of excellence must be 
created. That is institutes, initiatives, and activities that 
are compatible at a world level. Instead of being concen- 
trated in an isolated place these centers should be spread 
out. This has led to the idea of a sort of twinning between 
a certain number of research centers, linking various 
centers, in order to polarize scientific activities in a given 
field, at a national level, and at a regional level. Concrete 
examples of this idea already exist. The type of science 
they want to do is wide spectrum science: chemistry, 
biology and industrial science. It is clear and obvious 
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that we are not talking about a big institute like the 
CERN [European Nuclear Research Center], where 
research is aimed at problems such as the start of time, 
where we come from, what happened during the micro- 
second after the creation, etc. Instead, the questions put 
forward are: How is chemistry done best, how to make a 
catalyzer work, how to make a pharmaceutical product, 
how to help the petrol industry make products that are 
less damaging, and so on. So we are talking about a 
science that is less noble, but more practical and closer to 
the industrial machine, and we are talking about mul- 
tidisciplinary centers. 


{Capuzzo] What is the role of Elettra in this discussion? 


{[Rubbia] Our scheme provides for a center of excellence 
represented by the Trieste synchrotron, that is unique in 
the surrounding region. In addition to photons (that 
make synchrotron light) there are other types of particles 
that can be used to study materials. These are the 
thermal neutrons. There is a center in Budapest that is 
very advanced in the neutron field, and we have strongly 
encouraged our Hungarian colleagues to continue with 
this program as their contribution as an intelligence 
center. Together with our centers, this center has a 
complementary function. There is a third possibility that 
is extremely concrete and is being pushed by our Aus- 
trian friends. This is to build an accelerator, “Austron,” 
that would unfortunately only be ready in a few year’s 
time. Then there is another initiative, ““Eurocryst.” This 
is at a European level and centers around the technique 
for growing crystals. Crystals are an essential compo- 
nent. They are used in the semiconductor industry and 
the idea of setting up a regional center, at European level, 
is excellent. There are other interesting proposals. An 
example at regional level comes from Poland. So there 
would be about 10 centers of modest dimension, 
employing between 50 and 200 people. that would 
communicate with each other. 


As we know, scientists communicate using computers 
today. This has led to the idea of installing a high 
velocity data network linking the regional centers within 
the system. Italy is definitely in a privileged position in 
this sense. Thanks to the former minister Ruberti, we 
have a ministry of research program to link the largest 
and most important Italian centers, using transmission 
lines that can handle up to 2.5 megabytes per second. 
Technically it is possible to obtain higher velocities. For 
example, using optical fibers a velocity ten or a hundred 
times greater can be reached. Nevertheless, one mega- 
byte is already an adequate velocity to establish a good 
connection. I think that it is fundamental for this pro- 
gram to be extended to the Eastern European countries. 
I think that our country could make an excellent contri- 
bution, taking the same type of connections as those that 
reach Trieste to the surrounding countries, making it 
possible for these countries to make direct connections. 


[Capuzzo] Therefore, in a few words, the idea is to have 
a chain of intelligence centers that are spread out, and 
that work in symmetry on both sides of the old frontier, 
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making us the driving force, because we are stronger 
financially. However the intelligence would be made 
available to everybody. Getting down to detail, would 
you like to tell us about the proposals that the govern- 
ment already has? What are the most immediate objec- 
tives? 


{Rubbia] First of all to make the Trieste laboratory 
international, that is to open it to the members of the old 
Hexagon. 


If we study the structure of Elettra, we can see that it is 
an interdisciplinary program from the distribution of 
those involved. There are about 350 researchers. They 
are working in the fields of chemistry, physics, and 
biology, and in other fields. The machine covers a very 
wide spectrum, not only from the point of view of the 
progress of physics, of nature and of science but also 
because of the types of people involved. There are in fact 
three types: Industrialists, the universities and public 
laboratories that do not form part of the universities. 
The public laboratories that are not part of the univer- 
sities (such as the CNR [Italian National Research 
Council] and other organizations) represent about one 
third, the universities make up 50 percent, and the rest 
are industrial activities. 


The other important aspect is that Elettra is still making 
a great international effort today as far as the programs 
that were in existence even before the “Hexagon opera- 
tion” are concerned. About 20 percent of those involved 
are foreigners and the rest are Italians. What has already 
been said is just the tip of the iceberg, because if we 
include the utilization of Elettra through the Central 
European Initiative in these «:atistics (if and when the 
government decides to authorize that proposal) there 
will be a good 700 other researchers who will join the 
Trieste program. These additional experiences, the 
product of 750 people coming from 50 different univer- 
sities and centers, are subdivided into 14 Italians, two 
Poles, two Slovenians, one Swiss, etc. In practice a 
situation is created in which Croatia, Czechoslovakia, 
Austria, Hungary, Switzerland, Slovenia, Poland, Italy 
and other countries work in collaboration without any- 
body taking the lion’s share. A project of this type is 
fundamental to ensure that science moves closer to 
industry and can be conducted in a coherent, construc- 
tive way in collaboration with the countries of the East. 


Now I would like to remind you that a document was 
presented to the foreign ministry a year and a half ago. It 
was blocked, and the funding did not arrive. I am calling 
upon our politicians to give clearance to this procedure 
so that the 750 people who would like to come to work 
here can do so. It is scandalous that some bureaucrat has 
forgotten that document somewhere. 


[Rubbia continues] The other subject that I would like to 
bring up refers to computing. We have also prepared a 
long document on this subject that has a list of the 
research centers involved, and a list of scientific pro- 
posals, on the front page. They are all waiting for 
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government authorization. The government has not yet 
given clearance to the funding set aside by the foreign 
ministry for the Central European Initiative. The docu- 
ment on the computers was drawn up with the help of 
Carlo Rizzuto and CRS4 (a center for advanced comput- 
ing). It is a project for the creation of a high-velocity 
data-communications infrastructure that would enable 
computer systems to be utilized internationally, and 
would extend geographically across all the countries of 
Central and Eastern Europe. The cables would spread 
across Italy, and from Trieste into Austria, Poland, 
Hungary, Czechoslovakia, Slovenia, and Croatia. This 
program is also waiting for somebody to remember it. It 
was presented in March 1992. 


These programs represent the two support lines for our 
country, which is a partner in a distributed system of 
centers of excellence. As well as ensuring a modern 
telecommunications system that guarantees communica- 
tions between countries; it is very important to ensure 
“physical” communications between people. In fact, it 
would not be difficult to create an easy transport system 
inside the geographical area. The distance between 
Vienna and Prague is much less than one imagines. | 
think that it is very important to set up exchanges of 
students, researchers, and professors. Speaking as an 
Italian, I can say that these people are highly qualified, 
and of excellent quality, that the cost is very low. 
Consequently they can make a constructive and valid 
contribution. Furthermore they will be tomorrow’s 
leaders, and it is important that they have the possibility 
of learning to think on the same wavelength as us. 
Naturally, Italy is not the only country that is pushing its 
foreign policy towards the East. Our German neighbors, 
in particular, are doing the same. 


On the other hand, the presence of Northern Europe in 
this movement towards the East is extremely important 
and I think that it is fundamental that there is competi- 
tion between the north and the south and that they are 
complementary, so that both these competitions are 
conducted in a correct manner. They must be comple- 
mentary and there must be competition on three levels in 
my opinion, because we must not forget that there are 
many other aid programs for the Eastern European 
countries coming from within the European system. 
Therefore it is clear that the European system, the 
regional system, and the system of the Hexagon, as well 
as the responsibility of Northern Europe, should form 
part of one, sole, coherent system. There is no overlap- 
ping, but essentially there is competition. The job that 
we have before of us is so big that I am convinced that, 
beyond our frontier, there is space for everybody to work 
in these directions, but the objectives must be clear and 
they must be communal. 


[Capuzzo] However there are many obstacles to over- 
come for such an ambitious project. Which obstacles are 
the biggest in your opinion? 


[Rubbia] The first real problem today is the slowness of 
our government’s bureaucracy. Having voted on the law 
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in 1991, and still not having applied it in 1993, our 
government finds itself in an extremely embarrassing 
situation. I feel more embarrassed than our government, 
particularly because I see many of my collaborators and 
colleagues, and the Hungarians, particularly, ask me: 
“What are these stories? You promoted this great idea, 
but in fact only a mouse has come out of the mountain.” 
There is the problem of image, that is very important, 
and I think that the marching order is fundamental. The 
funding exists, and it has been approved by parliament. 
Now the money only has to be spent, and spent well. In 
this respect I believe that the scientists are willing to 
make a suitable effort to continue with the hexagonal 
program. I hope that the minister for scientific research 
will make a similar effort. 


The second point that I would like to dwell upon, is that 
it is necessary and fundamental to work as a team with 
all these countries. Looking at these countries I can see a 
little of us as we were 20 or 30 years ago, when we too 
were passing through an extremely difficult period. How- 
ever, we rolled up our sleeves, and we have managed to 
create a country that is today the fifth economic power in 
the world. This shows that it is possible, through hard 
work, starting from a very difficuit situation like ours 
was, to get to a position of high influence and well-being. 
I am convinced that the countries of central Eastern 
Europe have the capability of getting to the same level. 
Therefore let us not judge these countries by the diffi- 
culties that they have today. We must remember that the 
number of ideas and conceptual proposals coming from 
Eastern Europe today is absolutely incredible. There is 
an infinite quantity of highly qualified young people in 
the Eastern European countries. I think it is important 
that we do not promote another brain drain, because it is 
not easy for a person without roots to settle in. We must 
try to maintain and sustain the structures of these 
countries as they are today and to promote instead 
exchanges and mobility. The problem of mobility arises 
particularly in terms of lack of internal mobility between 
industry, universities, and research. | think that in this 
sense it is indispensable to ensure that there is a transfer 
between, on one hand science and, on the other, the 
utilization of science, and above all to ensure that the 
best scientists are the best professors. 


SUPERCONDUCTIVITY 


German Research in High-Temperature 
Superconductors: High-Temperature Technology 
Before Leap into Practice, Ceramic Wires Getting 
Longer 

93WS0685B Duesseldor} HANDELSBLATT in German 
No 168, | Sep 93 (article received 31 Aug 93) p 23 


[Article by Dr. Eng Gero Papst, business manager, 
American Superconductor Europe GmbH, Kaarst] 


[Excerpts] Ceramic high-temperature superconductors 
are about to leap from the laboratory into the real world. 
Already in this decade a technology will become ripe for 
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practical applications, a technology which has fascinated 
superconductor research engineers since the discovery of 
its feasibility in 1986 and whose conversion into a 
practical one has for a long time seemed to elude 
subsequent generations of scientists. 


Supporting basic research in high-temperature supercon- 
ductors (HTSC) has, in the meantime, been of some 
interest to the Federal Ministry of Research and Tech- 
nology. A project subsidy in the amount of about 320 
million DM for the 1989-95 period has been approved. 
The current budget for the year 1993 faces an about 45 
million DM shortfall, though, inasmuch as institutional 
subsidies have not yet been received. Despite this sup- 
port, competition from Japan and the United States is 
still leading in the crucial area of large-scale experimen- 
tation techniques. 


Exceeding 1 km Length Soon 


The six largest European cable manufacturers have been 
brought together for a research project within the frame- 
work of the EC (European Community) Joule and Brite/ 
Euram programs, the purpose being to cooperatively 
hasten an economical production of HTSC cables. The 
results have, for the most part, already been published. 
According to the reports, energy losses at a current 
density of 100 kA/cm? are appreciably smaller in such 
cables than in conventional ones. Furthermore, four 
times higher energy can be transmitted over such cables 
than over conventional ones of the same size so that their 
use is particularly cost effective in areas of rising energy 
consumption. 


Commercial adaptation of these technologies will still 
require a few more years of intensive engineering work, 
but is expected to be completed for most applications 
within this decade. American and Japanese firms can 
proudly point to remarkable successes in the area of 
high-temperature superconductors. Since the German 
firms have, for the time being, lost the touch in large- 
scale experimentation techniques, the question arises as 
to whether a strategic alliance with say an American 
partner would restore their competitive status. 


Patents Show Germany Behind in Superconductor 
Research: Japanese Dominate in Patent 
Applications 


93WS0685C Duesseldorf HANDELSBLATT in German 
No 164, 1 Sep 93 (article received 31 Aug 93) p 23 


[Article by Prof. Dr. Erich Hausser, president, German 
Patent Office] 


[Excerpts] Patent Office president Erich Hausser: “We 
are missing Out on a development” 


The new HTSC (high-temperature superconductor) tech- 
nology will presumably push forward one of the rare 
innovative developments which, when mastered, is cru- 
cial for putting individual enterprises and entire national 
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economies in a competitive position. This was empha- 
sized by Prof Dr Erich Hausser, president of the German 
Patent Office, in a lecture given at the Friedrich Ebert 
Foundation in Bonn. The general theme was “State of 
Germany's Economy - Questions Concerning the 
Future.” As a matter of fact, Hausser concedes that in 
the High-Tech area the Japanese are also ahead. 


According to Hausser, this technical development in 
superconductor materials should also give rise. with a 
certain time delay, to pertinent patent activity in the 
individual Patent Offices. The cause of delay is that 
patent applications are, as a rule, to be held secret for 18 
months and only to be disclosed for examination after a 
legally prescribed period. The same rules are followed by 
the European Patent Office and Japan. In the U.S.A. the 
patent processing takes, on average, 23 months. 


According to Hausser’s data, a total of 509 supercon- 
ductor patent applications have been disclosed during 
the 1981-92 period. The breakthrough in supercon- 
ductor research and the scope of subsequent inventions 
are reflected in the number of patent applications filed 
since 1988. The number of domestic patent applications, 
documented evidence of this country’s inventive and 
innovative powers, has increased from an average of 
about |7 a year to 79 in 1989. The numbers 51 in 1990, 
50 in 1991, and 51 in 1992 indicate that the first spurt of 
inventions is over but also that the inventive activity 
continues on a relatively high level. 


Hausser says one gets an incomplete picture from foreign 
applications coming to the German Patent Office. For- 
eign applications are increasingly routed through the 
European Patent Office so as to ensure patent protection 
in the German Federal Republic and, at the same time, 
also in other treaty states. During the 1981-92 period the 
European Patent Office has disclosed a total of 908 
superconductor patent applications. Here, too. one can 
see that the number of patent applications has increased 
by a jump since 1988, but a markedly larger jump then in 
the German Patent Office. It is noteworthy that this 
increase can essentially be traced to activity of Japanese 
applicants. A breakdown of the 205 applications in 1992 
shows 50% from Japan (46% in 1991), 17% from the 
U.S.A. (31% in 1991), 12% from Germany (11% in 
1991), and 15% from other countries (12% in 1991). Also 
this would confirm that, in the area of superconductor 
inventions as in other high-tech areas, the Japanese play 
a dominant role. Hausser fears that the Germans, along 
with their European neighbors, are well on the way to 
missing Out in the development of this key future tech- 
nology, thus jeopardizing not only their own but also 
their export markets. For comparison he cited the ratio 
of patent activity here to that abroad, this ratio having 
been shown to correspond to the German industry's 
share of the world market for electronic components. 
This confirms what experience has already proved, 
namely that patent statistics quite reliably reflect the 
market situation in specific technologies. 
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TELECOMMUNICATIONS 


European Satellite Communications Market 
Examined 


European Companies’ Difficulties 


93W'S0659A Paris MESSAGES in French Jun/Jul 93 
pp 21-22 


[Article by M.L.T.: “Large-Scale Maneuvers of the 
Industrialists’’] 


[Text| The building of satellites requires colossal invest- 
ments in a market that is shrinking. Hence, the teaming 
up among manufacturers, especially the European man- 
ujacturers, confronted with stiff competition from the 
American giants. Hence also, the manufacturers’ shift 
toward the development of services to enhance their 
profits. 


The telecommunications satellite world market is esti- 
mated at approximately 5 billion francs[Fr] a year. 
Dominated by two uncontested leaders, U.S. based 
Hughes and General Electric Astro Space, it is occupied 
by a few large consortiums that fight hard to keep their 
positions. For, in this sector, where costs are climbing, 
profits are uncertain. In a few years, the average cost 
price of satellites has risen from $50 to $70 million. The 
investments required for research and development are 
huge. Hence, the teaming up of forces in the sector, and 
a shift toward the development of services. 


European manufacturers in particular have chosen to 
bolster their defenses by developing a policy of alliances. 
Today, two major consortiums are present in the Old 
Continent. On the one hand, the Franco-British Matra 
Marconi Space (MMS) consortium, established in 1989, 
and on the other, the Space Systems Alliance, resulting 
from the alliance between the U.S. based number three, 
Loral, and a group of European companies, including 
especially Aerospatiale and Alcatel Espace, but also 
Germany’s Deutsche Aerospace and Italy’s Alenia 
Spazio. Other European builders, who, incidentally, are 
being ardently wooed by MMS and Space System Alli- 
ance, are also out on the playing field, particularly Great 
Britain’s British Aerospace and Germany’s ANT. Thus, 
large-scale maneuvers are far from being over, and the 
more so since the market is shrinking. 


The two U.S. based leaders found the right answer by 
investing heavily in services. Thus, they are becoming 
their own suppliers. In Europe, British Aerospace and 
Matra are trying to follow in their footsteps. The two 
companies, which teamed up to win the bidding on the 
private American satellite Orion, also invested in the 
company that will operate this satellite, the Orion Satel- 
lite Corp. The manufacturers are counting entirely on 
their investments in the satellites for profitable returns, 
viewing any profits generated by services as manna. 
They are seeking, in some way, to become operators 
themselves. 
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The sector is characterized by contracts negotiated at 
long last and for the long haul. Thus, the contracts for the 
building of the 59 telecommunications satellites to be 
launched between now and 1996 have already been 
awarded. And European manufacturers have had to 
make do with the smallest share: 10 systems versus 47 
for the American firms. True, the latter lost ground to 
the European consortiums during the 10-year period 
1980-1990, and in smaller measure, to the Canadians 
and Japanese. But the trend reversed itself again around 
the beginning of the 1990's. The European space 
industry captured only 10 percent of the bids on con- 
tracts for telecommunications satellites to be launched 
after early 1991. The recent announcement of the with- 
drawal of Germany's DB Telekom from the European 
direct-TV satellite project EUROPESAT deepens the 
uneasiness. This was one of the rare contracts that had 
been awarded to a European manufacturer, Matra Mar- 
coni Space. 


Empty Order Books 


European enterprises still have work for the next two 
years. But beyond that, their order books have not been 
filled. They are suffering from the repercussions of their 
shrinking domestic markets, where the part being played 
by satellite renewals—for example the replacement of 
Telecom | by Telecom 2—prevails in large measure over 
that of new projects. Noel Forgeard, Matra Defense 
Espace’s CEO, is concerned about that. He thinks that 
the development of telecommunications satellites is 
presently being neglected in Europe, while the United 
States is investing on a large scale in low-orbit systems 
and in new on-board data compression and switching 
technologies. Of course, American manufacturers have 
greatly benefited in the past from government projects, 
such as those of NASA and the Pentagon. This has 
enabled them to establish almost impregnable positions. 


Despite its efforts to restructure, the European satellite 
industry is suffering from having confined itself too long 
to its domestic markets. As compared to the Americans, 
who pile on the pressure, the Europeans find it hard to 
cross borders. Hughes has made a clean sweep of the 
Arab organization Asco’s second-generation satellites, 
despite the fact that this organization had done business 
with Europe for the previous generation. GE Astro Space 
has succeeded in becoming the supplier of large interna- 
tional organizations such as INMARSAT and INTEL- 
STAT, carrying off, in the latter case, the place that had 
been MMS’s. 


Although the Europeans have trouble in gaining recog- 
nition as exporters in the satellite market, some manu- 
facturers, such as Alcatel Espace and MMS, are often 
retained as the supplying manufacturers of payloads, 
repeaters, and test systems in international bids, even 
when the lead company is an American company. This is 
proof that what is in question is not European tech- 
nology but rather a sector’s inability to rally in the face of 
projects requiring broad financial coverage. The two 
leading American companies are sheltered in the bosom 
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of two colossi: General Motors for Hughes and General 
Electric for GE Astro Space. Hence their ability, which 
their European challengers lack, to take risks. 


Comments of French Official 


93WS0659B Paris MESSAGES in French Jun/Jul 93 
pp 23-24 


[Interview with Bruno Lasserre, director of general reg- 
ulatory control with responsibility for Posts and Tele- 
communications, in the Ministry of Industry, Posts, 
Telecommunications, and Foreign Trade: “Bruno 
Lasserre: ‘Europe Has a Role To Play’”’; by Laurence 
Alary-Grall and Pierre Salanne; date and place of inter- 


view not given] 


[Text] Jn the view of the director of general regulatory 
control responsible for Posts and Telecommunications, at 
the Ministry of Industry, Posts, Telecommunications, and 
Foreign Trade, the satellite telecommunications sector 
“has by nature a pan-European calling.” Its future 
depends upon the easing of restrictions on services on a 
continental European scale, an area in which France has 
taken the initiative with Germany, furthering the creation 
of independent networks. 


[MESSAGES] It is often said that France has taken a 
full-length lead over Community recommendations with 
respect to satellite telecommunications. Exactly what is 
meant by that? 


[Lasserre] France has actually anticipated the develop- 
ments hoped for in the Green Book “Satellites,” pub- 
lished in November 1990, by allowing several operators 
_» set up independent satellite telecommunications net- 
works: VSAT networks, for which some 20 licenses have 
been issued, and news network stations, for which 18 
authorizations have been granted. 


Our authorization policy is very liberal. Operators are 
free to choose their space sector: They can make use of 
the large international cooperatives if they wish (most of 
them choose EUTELSAT), or decide to operate a sepa- 
rate system of their own. 


Nor are they limited any longer as to the nature of 
transmitted signals: voice, data, images. They can con- 
nect their independent networks with the switched 
public network. With one reservation, however: Com- 
munications must remain confined within closed user- 
groups and under the technical control of the operator. 


[MESSAGES] Last year, France and Germany signed an 
agreement to institute joint authorizations of satellite 
networks, granted equally by one or the other of the 
regulatory authorities. The United Kingdom and the 
Netherlands joined them in March. Have these agree- 
ments reached the stage of implementation? 


[Lasserre] Fully. The agreement between France and 
Germany is concretely in being. Two companies— 
Ingenico and Scientific Atlanta—have filed applications 
for authorization to operate on German soil, with the 
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DRG acting as the single service-contact point. The 
second agreement, signed by the four countries, has been 
in effect since | May, and a think-tank group is 2t work 
on harmonizing the necessary forms and simplifying the 
procedures for the granting of licenses. Our hope is that 
these agreements be extended to include all the Euro- 
pean countries, including continental Europe as such 
through the CEPT [European Conference of Posts and 
Telecommunications Administrations]. Our hope in this 
regard is all the more vivid in that we are still awaiting 
the implementation guidelines to be contained in the 
Green Book “Satellites.” 


[MESSAGES] What will these European guidelines con- 
cern? 


{Lasserre] Last year, the European Commission sub- 
mitted three drafts of guidelines for discussion. They 
deal with the easing of restrictions in the ground sector, 
that is, the ground stations associated with space tele- 
communications; mutual recognition of approvals to 
operate networks via satellite; and mutual recognition of 
approvals to operate ground stations. We are very anx- 
ious, of course, to see these guidelines adopted by the 
Twelve, not only because they have their origins in the 
French experience, but also because they will stimulate 
the satellite communications market. This sector has, by 
nature, a pan-European calling. If some countries do not 
liberalize VSAT networks, ground stations cannot be 
installed on their soil, and the technology loses the 
essence of its interest. 


[MESSAGES] Although the European regulations are 
not yet clearly defined, the state of the technology is 
already very advanced. Nevertheless, the market does 
not seem to want to take off... 


[Lasserre] Except for the news network market (tempo- 
rary links for this or that event), which is very active, the 
growth of independent satellite networks in Europe is 
very much slower than in the United States. But the 
growing interest being shown in them by telecommuni- 
cations operators should soon be bearing its fruits. The 
future development of this market has our very close 
attention, not only from the regulatory but also the 
industrial viewpoint. 


[MESSAGES] Which clienteles is the satellite network 
market currently courting? 


[Lasserre] Essentially the big international groups. For 
obvious reasons of cost and easy accessibility, the com- 
panies whose operations are geographically very circum- 
scribed prefer wire communications. VSAT networks are 
therefore pointed more particularly toward enterprises 
whose activities are deployed beyond national borders, 
and especially in the East European, Middle Eastern, 
Asian, and African countries, regions where ground 
infrastructures are relatively undeveloped or very unre- 
liable. The demand on the part of these multiple-site, 
widely dispersed enterprises can be expected to exert a 
pulling effect on the market. 
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[MESSAGES] Does the development of VSAT’s indeed 
not threaten to compete in due time with the wire 
networks, say of the Transpac type? 


[Lasserre}] Not on the domestic market. Use of the VSAT 
technology requires much higher investments by ente- 
prises than does the use of Transpac. Furthermore, the 
installation of a VSAT network sometimes requires a 
profound change in the organization of enterprises. 
Therefore, they hesitate to take the jump. Domestic 
expansion is definitely geared to a customized approach 
that is more suited to the needs of medium-sized enter- 
prises. This means evolving from the basic offer—a star 
network centered on a big master station—toward a 
lighter, more manageable, and above all, less costly 
point-to-point network. 


On the international market, things are very different. 
VSAT’s have the advantage of offering an integrated, 
homogeneous service that positions an enterprise for 
worldwide operation from the outset, without having to 
concern itself with the differences in techniques and 
tariffs that separate national wire networks. 


[MESSAGES] What is the position of the French “regu- 
lator” vis-a-vis the development of the new mobile 
systems using Satellites in low-earth orbit? 


[Lasserre] Economic studies indicate that at the world 
level, there is a market for not more than two or three 
operators. In this sector, Europe has a role to play. But to 
make the most of it, Europe must take the lead. If it takes 
too much of a wait-and-see or a “me-too” attitude, 
others—and I have in mind the American players—will 
lose no time in imposing their standards and their 
products on Europe. France is the European country 
with the biggest stake in the game, in industrial terms, 
inasmuch as Aerospatiale, Alcatel, and Matra Marconi 
Space are present, in one form or another, in certain of 
the competing projects. The stakes for Europe, and 
particularly for France, are less of a services nature than 
industrial, since mobile telephony via satellite will 
interest only a limited fringe of users, as an adjunct to the 
GSM [Global System for Mobile Communications] 
offering. 


[MESSAGES] Satellite communications are operated, at 
the international level, by cooperatives created over 15 
years ago. Are their structures not unsuited to an ever 
increasingly competitive environment? 


{Lasserre] Even more than the simple problem of struc- 
tures, it is the very future of these organizations that 
worries us. How, for example. ar. we tc re_oncile free 
competition and cooperation agreements? Take the case 
of Eutelsat, which is one of the best examples of what 
cooperation can produce on a European continent scale. 
Some have proposed transforming it into a commercial 
company. Another hypothesis: Permit Eutelsat to 
directly market its satellite capacities, without the inter- 
mediacy of its signatory members. France, for its part, 
has taken the initiative of a compromise solution. In 
September 1992, it signed an agreement with Germany, 
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the United Kingdom, and the Netherlands that permits 
commercial enterprises desiring to exploit Eutelsat space 
Capacities to pit the communications operators of the 
four countries competitively against one another. Here 
again, this solution cannot be fully effective unless all of 
the Community countries join this agreement, or if a 
Community directive constrains it. 


The satellite organizations must adapt to the competitive 
environment. They have been funding-type coopera- 
tives, serving exclusively the signatory members. Now 
they must progressively become suppliers of satellite 
Capacities to all operators desiring to become their 
clients. And this without forgoing their essence, that is, 
their public-service objectives. 


[MESSAGES] Is the deregulation of voice telephony 
service not going to complicate the task of the coopera- 
tives? 


{Lasserre] Yes and no. To a certain extent, trying to 
maintain within one and the same organization opera- 
tors who are at one and the same time partners from the 
operating standpoint and competitors from the commer- 
cial standpoint will be like attempting the impossible . 
That said, the international satellite organizations will 
not suddenly be discovering competition in 1998, with 
the deregulation of voice telephony. For some years now 
they have been facing the rapid growth of separate 
private systems, such as Astra and PanAmsat, and of 
systems belonging to the Eutelsat signatories, as in 
France, Spain, and Germany. They have also had to deal 
with competition from the submarine cables, which they 
know are increasingly reliable and increasingly less 
costly. 


To this can be added the fact that Eutelsat derives 70 
percent of its revenue from the broadcast of audiovisual 
programs in a severely competitive environment, and 
that the deregulation of voice telephony will therefore 
have but a slight impact on it. In sum, in this domain as 
in others, competition will create new opportunities that 
it will be up to the international organizations to seize. 


Germany: Digital Transmission Techniques to be 
Shown at International Radio Show in Berlin 


93WS0708A Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 23 Aug 93 p 10 


[Article by Karl and Annemarie Tetzner: “HDTV Loses 
its Attractiveness: Private Broadcasters Lure the 
Public’) 


[Text] BERLIN. Industry is still trying to put up some 
new products for the International Radio show in Berlin. 
Unfortunately, it has—to a good extent—lost its earlier 
reputation as the most important date for novelty shop- 
ping. The internationally active, major companies in the 
entertainment industry now only launch their new prod- 
ucts and developments with an eye to the world market, 
and, anyway, our citizens can only buy a new television 
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set when their old set can no longer be repaired. Events 
like Christmas and the IFA no longer play the dominant 
role they once did. 


Nonetheless, the International Radio Shows, which was 
held from 27 August to 5 September, did have something 
to offer. In fact, what was offered in Berlin was indeed 
impressive in its comprehensiveness. The continued 
desire for trade and business connections with the tradi- 
tional technical center in the radio tower palace is one of 
the evidences of the emphasis put on the professional 
content of the show. 


Besides sections given over to store construction, work- 
shop equipment, show window display, and a “model 
house” with all manner of recreational electronics items; 
56 short, frequently repeated courses spread out over a 
period of ten days, together with the crafts congress, 
helped lure the visitors. 


The 19,500 m? expansion of the space available for the 
show to a total of 103,000 m? was further evidence of the 
almost bursting spectrum of attractions. To the show’s 
modest beginning in 1924 with simply radio equipment 
has, with the passage of time and the arrival of the 
television age, been added all manner of videos, satellite 
and cable technology, a variety of sound and picture 
Carriers, as well as private telecommunications facilities. 


Besides the always notable appearance of ARD [Working 
Association of Public Law Broadcasting Facilities of the 
Federal Republic of Germany] and ZDF [German TV 
Two] at every Radio Show, which this year somewhat 
unwillingly are, because of financial reasons, missing, 
private broadcasters are now vying for the attention of 
the public. In fact competition is everywhere evident. 
When, to give but one example, Telekom’s D1 mobile 
radio network was represented in all its variations, so too 
was Mannesmann, with its at least equally attractive D2 
Net. 


The Radio Show, which has now been presented in 
Berlin for the 15th time since the end of the war, has 
always been both a show for the public as well as an 
industrial fair for those in the business where orders may 
be placed. The product manufacturers arrange their 
display stands in two sections. The first section— 
intended for the private visitor—is lively, sparkling, and 
attractive; while the second section—accessible only to 
professional dealers—is sober and business-like. 


The “Technical and Scientific Program” in Hall 15.2 
offers a cross section view from today’s state-of-the-art 
through to future developments in the field. In this year’s 
show, the emphasis is on the digital transmission of 
radio and television. Here concepts like digital audio 
broadcasting [DAB], RDS/TMC traffic radio, optical 
frequency-multiplex technology, and the new possibili- 
ties of transmitting up to ten digitalized programs in one 
television channel dominate. In its Project Vidinet, 
Telekom shows how digital TV signals in a common 
wave network considerably improves reception quality, 
especially for portable television sets. Approval and 
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endorsements of HDTV can still be heard in Hall 15.2. 
Otherwise, since the HD-Mac analog transmission pro- 
cess has apparently seen its day and the public is waiting 
for a digital HDTV system, which in fact is being 
energetically developed at several sites in Europe (see 
“Blick durch die Wirtschaft” of 3 August), this topic is 
no longer so topical. 


This about-face with respect to HDTV does not hold for 
picture tubes having an aspect ratio of 16 to 9 however. 
It is viewed as the future format for the world market 
and is only waiting for the appropriate programs, per- 
haps with PAL plus. At any rate, the Eureka 95 Company 
in Berlin (Hall 15.2) undauntedly shows HDTV pro- 
grams based on HD-Mac and with D2 Mac. But it is also 
beginning transmissions with four digitalized programs 
in one Mac channel, called MultiMAC. (Article to be 
continued.) 


UK-German Direct Communications Via 
Mercury-Net Cityvoice System 


03WS0713B Frankfurt/Main FRANKFURTER 
ZEITUNG/BLICK DURCH DIE WIRTSCHAFT 
in German 08 Sep 93 p 8 


(“Frankfurt-London Direct with Cityvoice™] 


[Text] bn. FRANKFURT. The British telecommunica- 
tions specialist Cable & Wireless is, according to Cable & 
Wireless GmbH (Address: Saonestr. 3a, 60528 Frank- 
furt) sources, further expanding its services in Germany. 
The international voice communications service for the 
financial world, International Cityvoice, which is 
already in place for the London-Paris link, will, com- 
mencing on | October 1993, now be available for the 
London-Frankfurt link. 


Cityvoice links the two financial centers by means of two 
expanding services: The first is a point-to-point link, and 
the second is a point-to-break-out link. In the case of the 
point-to-point service via leased lines, one needs only to 
press the required keys and pick up the receiver to 
communicate with the desired other party. In the case of 
the break-out service, the user has the additional option 
of choosing—via London—the international mercury 
net. 


The service has as its s ecial target group customers in 
the banking and financial world, like stock market 
traders, brvkers, and * inkers. Cable & Wireless points 
Out that, si:cc city survice is based on a partnership 
arrangement, the customers can share the 2300 German 
marks [DM] monthly cost in whatever way they choose. 
The system was not just developed for the stock markets 
of the world however. Rather it is designed for all 
frequent telephone users who require more than two 
hours a day voice serve. For unlike conventional voice 
services, International Cityvoice [ICV] offers cost sav- 
ings of up to 40% in addition to its real time communi- 
cations service. 
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European Affairs: German, Scandinavian Digital 
HDTV Projects Summarized 


BR0410122893 Paris ELECTRONIQUE 
INTERNATIONAL HEBDO in French 9 Sep 93 p 40 


[Article signed E.F.: “*First European Steps in Digital 
HDTV”} 


[Text] Berlin—Developments in the digital broadcasting 
of high-definition television are on the increase in 
France. The know-how acquired with the development 
of HDMAC makes it possible to predict its introduction 
before the year 2000. 


The television of the future will be digital, high- 
definition, and in the 16/9 format, and preferably broad- 
cast overland, by cable, and/or by satellite. A symposium 
which was part of the recent international hifi and video 
exhibition in Berlin described some research carried out 
outside France. Much of the work specifically concerns a 
version of MPEG-2 [Moving Picture Expert Group] 
standard suitable for transmission speeds of 35 Mbit/s 
(assuming coding with 0.7 bit per pixel) or of 20 or 25 
Mbit/s by using special coding techniques 


The Scandinavian program HD-Divine, presented for 
the first time last year at IBC [Integrated Broadband 
Communications] fair in Amsterdam, is already devel- 
oping a second generation. The system is now just as 
suitable for satellite and cable broadcasting as it is for 
overland broadcasts. In Amsterdam, the modulation and 
digital transmission were not yet totally functional. This 
has now been remedied, announced Percy Ekedahl Pet- 
tersson. A new encoder/decoder has been developed, in 
particular to allow the parallel transmission of four 
standard TV signals or an HDTV signal with 4:2:2 video 
quality and stereo sound. HD-Divine operates at a 
transmission speed of 24 Mbit/s (reduced from a digital 
HDTV signal in the order of | Gbit/s), the coding 
technique uses adaptive quantization and movement 
compensation. 


For sound modulation/demodulation, HD-Divine uses a 
multiplexing technique, OFDM (Orthogonal Frequency 
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Division Multiplex), identical to that used in digital 
audio broadcasting (DAB), in association with phase 
quadrature modulation. 


The complete system, from the studio to the receiver 
(with in particular a video algorithm adapted to the 
MPEG-2 standard, a multimedia broadcasting function, 
and a further improved modulation technique) will be 
introduced in 1995. By then, thanks to an agreement 
with Nokia and perhaps other alliances to come, suitable 
TV receivers should be ready. The company HD-Divine, 
which is in favor of the “great leap forward” to digital 
television without an intermediate stage, wishes to urge 
its introduction in Europe before the year 2000. 


At the Heinrich-Hertz Institute (HHI) in Berlin, research 
is being carried out into broad-band transmission, also 
using an optically transmitted OFDM technique. The 
work is being carried out as part of the RACE 1010 
[Research into Advanced Communications for Europe] 
Subscriber Coherent Multichannel System project. The 
HHI, which has contributed to the EUREKA-95 [Euro- 
pean Research Coordination Agency] project 
(HDMAC), is now using the know-how acquired to 
define a concept of terrestrial high-definition television. 


Complete System Available by Mid-1995 [subhead] 


It has thus developed a MPEG source coder/decoder 
based on techniques identical to those used by HD- 
Divine: They are movement estimation and compensa- 
tion, time redundance elimination, space redundance 
and unnecessary data reduction, direct cosine transfor- 
mation (DCT) and quantization, and, finally, variable 
length coding (VLC) at the transmitter end. At the 
receiver, the sequence of these various stages is reversed. 


The HHI is also working on an HDTV codec for 
recording On magnetic tape, with a compression algo- 
rithm with a factor of 2 to 5, and on coding for terrestrial 
HDTV transmission with a factor-40 compression algo- 
rithm. In cooperation with various industrial and scien- 
tific partners, a complete system should be available by 
mid-1995. In parallel, the appropriate integrated circuits 
(the circuits for the DCT and VLC coding, a transfer 
speed controller, components for movement estimation 
and digital filtering) have been developed. 
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ENERGY, ENVIRONMENT 


Passive Redevelopment of Environment in Eastern 
Europe 

93WS0652A Berlin INGENIEUR DIGEST in German 
Jul 93 pp 14-15 


[Article by Thomas J. Bencard: “Passive Redevelop- 
ment”—first paragraph is INGENIEUR DIGEST intro- 
duction] 


[Text] To bring them up to German standards, DM 1.7 
billion would have to be invested in environmental 
protection in the ex-CEMA countries. Because the 
money for this is lacking, an environmental action 
program (EAP) is expected to promote European solu- 
tions to the problem. 


The situation is paradoxical, but logical: While the 
economies of the East and Central European countries 
continue to worsen, their ecologies are “on the way to 
improvement,” Gerhard Voss of the German Economic 
Institute (DIW) in Cologne commended them. Parallels 
to this could already be seen in Eastern Germany: The 
air over Bitterfeld got clearer and the water of the Elbe 
purer without spending a single penny more for environ- 
mental protection. 


“The recessive tendencies brought on by the shutting 
down of entire production plants have relieved the strain 
on the environment with lasting effect,” Voss states in 
his report, “Strategies in the Ecological Redevelopment 
of Eastern Europe.” In the long run, of course, “passive 
redevelopment” of damaged environment alone will not 
suffice. An active, preventive environmental policy is 
necessary. Some of the required investment capital must 
urgently be redirected into these areas. 


The only question is: Which funds? Financial resources 
for the improvement of the environment in Eastern 
Europe will be “very limited over the next five to 10 
years,” the European environment ministers feared at a 
meeting in Lucerne at the end of April. “Environment 
for Europe” was the name of the goal of their discus- 
sions. These produced a paper entitled “Environnental 
Action Program.” 


The program has three mainstays: First, the incorpora- 
tion of environmental protection into the reconstruction 
of the [East European] national economies and, second, 
the development of institutional capabilities, including a 
legal and administrative framework, as well as the cre- 
ation of corresponding management capabilities. And 
finally, an immediate aid program is expected to provide 
short-term improvements in those regions in which 
people’s health is especially seriously threatened. 


DIW expert Voss knows how urgently needed such aid is: 


The Upper Silesian industrial area, for example, with its 
old coal and steel industry, is one of the most polluted 
industrial centers in Europe. With 600,000 tons, dust 
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emissions in this 1,000-square-kilometer area were 
greater than in the entire former Federal Republic 
(450,000 tons)—the latter with a clearly higher produc- 
tion volume. A third of the Upper Silesian waterways are 
so polluted that they cannot be purified for use as 
drinking water. Because of soil pollution, 60 percent of 
agrarian production is unfit for human use 


—lIn the early 1990's, 70 percent of the industrial waste 
water in the former Soviet Union in need of being 
purified was not properly treated. To this day. proper 
treatment of their waste water has not been effected in 
600 industrial cities in the CIS. According to the latest 
reports, the severely contaminated surface area sur- 
rounding the Chernobyl reactor damaged in 1986 is 
far greater than it was up to now thought to be. The 
equipment in the 486 Siberian oilfields is so worn out 
that between 20 and 30 percent of the oil that is 
extracted seeps out into the soil. 


—The Erz Gebirge forests that died out serve throughout 
Europe as a symbol of the ecological crisis in the 
former socialist countries. 


The ECE [Economic Commission for Europe] environ- 
ment ministers want to develop a timetable for the 
solution of those problems that have the highest priority. 
Each of the countries in question would determine its 
own national environmental priorities on the basis of the 
EAP. 


Thus the environment ministers are willing to content 
themselves with small achievements to start with. The 
question: ““How much will the environment benefit from 
these different expenditures?” is a decisive one. The 
answer to it will guarantee the flexibility needed to 
obtain the best results with skimpy resources. 


Commissions and conferences would support this effort. 
A project preparation committee would conduct feasi- 
bility studies and set in motion actual projects. More 
information on how the funds are to be spent in the 
recipient countries would have to be gathered. A 
progress report on environmental concerns in Europe 
will be made available to the governments concerned at 
the end of 1993. 


But, above all, practical measures are needed—and 
indeed quickly. Voss makes a recommendation to the 
representatives of these governments: First, the environ- 
mental policy should look for ways of getting rid of the 
ecologically hazardous waste from the past, especially in 
the soil and water, which will in the long run pose a 
danger to people’s health. Second, the economic pro- 
cesses of reconstruction and growth themselves would 
have to be “ecologically cushioned”: “Market economy 
protection of the environment doesn’t mean that every- 
thing can be left to the market processes.” The man from 
the DIW sees three of the greatest challenges in reduction 
of energy consumption and pollution resulting from the 
production of energy. in the dissociation of economic 
growth from pollution of the environment, and in the 
adaptation of farming [to cleaner practices]. The fourth: 
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He wants to see to it that the “more favorable situation” 
as concerns transport and communications in Eastern 
Europe is preserved. There, despite a surface area many 
times larger than Western Europe, traffic accounts for 
only 14 percent of energy consumption, as against 26 
percent in Western Europe. 


All ecological improvements will be tremendously 
expensive: DM 1.7 billion, Voss calculated. DM 1.2 
billion of that will go to the territory of the former Soviet 
Union. Three-fourths of the money will have to be made 
available for protection of the waterways. 


There is no way Eastern Europe can pay for this mam- 
moth program alone. The good intention of putting the 
money into protection of the environment instead of 
into the urgently needed satisfaction of people’s basic 
necessities of life is probably not even politically achiev- 
able. For social reasons, even obsolete factories can 
scarcely be closed down. 
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For Voss, transnational compensation models are a way 
out of this situation. An example of this is power plants 
fueled with fossil fuels: The construction of denitrifica- 
tion and desulphurization plants for the old Federal 
Republic of Germany’s 38,000-megawatt power plant 
network cost about DM 23 billion. The least fossil-fueled 
power plants in the reform countries (341,000 MW) are 
equipped with appropriate air-pollution prevention 
technology. It would take a much greater financial 
expenditure to further reduce emissions in Germany 
than in Eastern Europe. Measured in terms of the cost in 
the Federal Republic, modernization of the power plants 
in the reform countries with denitrification and desul- 
phurization plants would cost about DM 200 billion. 


To be sure, “a high price,” says Voss, but the same 
money would at best have half as much effect on the 
fossil-fueled West European power plants (252,000 
MW). So, the DIW expert recommends, there should be 
compensatory solutions with economic incentives for 
investors. It still remains to be seen whether politicians 
are prepared to set aside national egoisms for this. 








ADVANCED MATERIALS 


India: Composites To Revolutionize Aerospace 
Industry 


93WS$0607G Hyderabad DECCAN CHRONICLE 
in English 28 Jul 93 p 12 


[Text] Bangalore, July 27 (PT1}—Composites, the new 
materials, are all set to revolutionise India’s aerospace 
industry with the National Aerospace Laboratories 
(NAL) here making great strides in using them for many 
areas of aircraft manufacture. 


Adoption of composites technology by the NAL, besides 
resulting in saving several crores of rupees in foreign 
exchange, is all the more crucial as the technology for 
aerospace structures has remained a closely guarded 
prerogative of a few advanced countries. 


Composites are a new class of materials made by com- 
bining two or more distinct materials with a recognisable 
interface between them. Composites for structural appli- 
cations contain a reinforcement (such as fibres), sup- 
ported by a binder (matrix). The most commonly used 
fibres are glass, carbon and kevlar, while epoxies are 
frequently used matrices. 


The light Canard Research Aircraft fabricated at NAL is 
made entirely of composites. The sleek, black aircraft has 
successfully flown 190 sorties so far for various experi- 
ments. The flight experimentation division is now 
working on a trainer aircraft made of composites. The 
project, in collaboration with Taneja Aerospace and 
Aviation Limited, is expected to take off this year. 


Some of the composite products developed, fabricated 
and tested so far at NAL are four radomes for electronic 
equipment pod, which is a sensitive military hardware, 
rudders for a military aircraft and a civilian DO 28 
aircraft, a bridge deck plate and a wing test box for 
lightning effects. 


The entire pod was flight tested, and the NAL’s struc- 
tures division is justifiably proud of this achievement as 
this would save foreign exchange. Each pod would cost 
Rs 2 crore if imported. 


Similarly, the NAL-HAL success in developing a carbon- 
epoxy rudder for a military aircraft signals a new era in 
advanced composite technology for aircraft applications. 
The work on the DO 28 rudder has given birth to a 
technology specially suited to the fabrication of lightly 
loaded control surfaces of low speed surfaces. 


The technology for making light glass/epoxy bridge deck 
plates will help easier transportation and quicker deploy- 
ment of military bridges in hostile environment. It is 
meant to promote manufacture of plates by small units. 


Most of the current development programmes with 
NAL’s composite structures laboratory have been spon- 
sored by the Aeronautical Development Agency, and 
relate to military aircraft, a team of reporters who visited 
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the lab were told. These include a Rs 3 crore project to 
fabricate 5 CFRP (carbon fibre) rudders, and a Rs 1.7 
crore programme to develop and make two composite. 
co-cured fins. 


Composites are considered superior to metals as they are 
much lighter, permitting higher payloads and saving 
costs. 


Composites have a high specific strength, and it is 
possible to tailor their properties as per requirements. As 
integrated parts can be made using composites, the 
number of parts can be greatly reduced. Of importance 
in aerospace, these materials have a high fatigue life, and 
are corrosion and dent resistant, all contributing to 
increasing service life. 


AEROSPACE 


India: Accomplishments in Satellite Development 
Lauded 


93WS$0607A Madras THE HINDU in English 
16 Aug 93 p 8 


[Editorial: “A Mission Accomplished”’} 


[Text] The placing of INSAT 2B into its geostationary 
orbit where it has become fully operational completes a 
mission for which the Indian Space Research Organisa- 
tion, the Department of Space and everybody associated 
with it in whatever capacity merit fulsome praise The 
successful launching of t satellite weighing a little over 
1900 kg three weeks ago 2m Kourou in French Guyana 
was only the first step towards taking INSAT 2B to its 
home in space which was still a long way off. Fingers had 
to be kept crossed until all the other strenuous jobs still 
facing ISRO were successfully carried out without a hitch 
since odds of the mission getting jinxed at any point were 
indeed formidable. The command sequence initiated by 
the launch vehicle for carrying out pyro firings for 
propulsion system venting operations and automatic 
attitude holding; the settling down of the satellite in 
3-axis stabilised mode when its control is acquired by the 
Master Control Facility at Hassan within ten minutes of 
its injection into transfer orbit; the firing of the first, 
second and third apogee motors in stages, limitation of 
the successive burn durations and the deployment of the 
solar array. Such lingo which has become part of space 
age writing and speech gives glimpses of the rarefied 
zones which Indian scientists had broken into a decade 
ago. 


With INSAT 2B becoming fully operational. radio net- 
working with 28 carriers configured to the system will be 
considerably enhanced at Delhi, Bombay, Calcutta, 
Madras and 14 other centres. Meteorological forecasting 
should become more comprehensive and efficient and 
facilitate the providing of round-the-clock, regular half 
hourly synoptic images of the weather systems including 
cyclones, sea-surface and cloud-to temperatures, etc. It 
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will enhance the capabilities for the collection and trans- 
mission of meteorological, hydrographic and oceano- 
graphic data. It is, therefore, important, that the 
enhanced capabilities which INSAT 2B has achieved are 
put to the maximum use by the concerned agencies. 


INSAT 2B leaves India still far away from where it is 
headed—the attainment of indigenous capabilities for 
making geosynchronous launch vehicles. Russia's capit- 
ulation to U.S. intimidation and its eventual backing out 
of the earlier agreement with India for the transfer of the 
technology for making cryogenic engines required for 
this project is no doubt a setback. While the confidence 
gained from the headway made in the making and 
launching of satellites of the INSAT series should enable 
ISRO to design and develop its own cryogenic engines, 
the successful launching of the same may be delayed till 
the end of the century. The recent report about an 
unsuccessful attempt at developing the cryogenic engine, 
far from spreading any gloom, should in fact be reas- 
suring since it reveals that the ISRO has got down to the 
job. There is no reason why it cannot succeed in its 
efforts to achieve the implementation of the project 
within a far shorter time than what countries that started 
from scratch needed. The message from India’s record 
with its Polar Satellite Launch Vehicle as well as the Agni 
missile may well be that what is needed is unrelenting 
perseverance in developing the technology and the mate- 
rials needed for the cryogenic engine. 


If there is a lesson from the history of technology 
absorption during the last four decades since the U.S. 
monopoly of the capabilities for making the atom bomb 
was successively broken by other countries, it is simply 
that the skills of the international scientific fraternity for 
smelling technology and successfully imbibing it cannot 
indefinitely be kept at bay. It is unfortunate that the U.S. 
is yet to learn this lesson. 


India: Telematics Center To Manufacture Satellite 
Terminals 


93WS$0607B Hyderabad DECCAN CHRONICLE 
in English 10 Aug 93 p 13 


[Text] Bangalore, Aug. 9 (UNI)—The Centre for Devel- 
opment of Telematics (C-DoT) will soon take up manu- 
facture of satellite terminals moving away from its 
patented success in the digital switching area. 


The C-DoT Executive Director, Mr B.D. Pradhan, said 
in an interview that the Centre had already started 
bidding for providing satellite terminals for the interna- 
tional communication satellite, the Intelsat. Similar bids 
for Inmarsat organisation would be considered, he 
added. 


Under a project sponsored by the Union Department of 
Science and Technology (DST), C-DoT has developed a 
Very Small Aperture Satellite Terminals (VSAT). 


The Electronics Corporation of India (ECIL) being the 
lead manufacturer, the Centre was expected to supply 27 
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VSATs to the DST by the end of this year. The organi- 
sation, along with the Department of Telecommunica- 
tions, was also setting up a sub-station in the city for 
receiving signals from the extended C-band transponders 
of INSAT-2B. 


Dr Pradhan said VSATs which were originally devel- 
oped for C-band transponders were being modified for 
extended C-band transponders. 


Dr Pradhan said VSAT was expected to cost around Rs 
6 lakh and would have the capability to receive both data 
and voice transmissions. 


Started two years ago in the absence of even the basic 
infrastructure for development C-DoTs’s wide-band sat- 
ellite TDMA (Time Division Multiple Access) 60 mega- 
byte (MB) project had reached a critical stage of equip- 
ment integration. The integration involved not only 
hardware interfaces among different printed circuit 
boards but also software for real time operations and 
diagnostics. 


According to a C-DoT publication, the integration 
efforts of the project gained much more importance in 
view of the fact that 60 MB represented a new generation 
of high speed TDMA system with several firsts to its 
credit. They included use of large-scale programmable 
logic devices and use of onboard power supply modules. 


Dr Pradhan said the Centre was aiming to consolidate its 
success from the rural automatic exchanges (RAX) and 
shift to medium automatic exchanges of 400 to 1500 
lines. A large number of companies in the country were 
still vying for C-DoT switches technology though a 
sizeable number of them have already taken up produc- 
tion. 


Dr Pradhan, however, said a major problem faced by the 
manufacturers were the lack of bulk orders. Even the 
tenders floated during October last year were not fina- 
lised and the manufacturers were wondering how they 
could survive in such a scenario. Added to plight of a 
vast number of component vendors built up to supply 
the 1.5 million line capacity developed for C-DoT 
switches. 


He said in a presentation before the Telecom Commis- 
sion recently, the Centre had made clear its role under 
the liberalised environment. It would continue the 
research and development efforts in frontier areas of 
telecommunication besides extending support to meet 
the DoT’s operational requirements. It also intended to 
continue the support to C-DoT switch manufacturers 
and attempt technology exports. Dr Pradhan said the 
Centre had succeeded to some extent in the export 
efforts with C-DoT technology moving into Russia, 
Egypt and Vietnam. 
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India: Details of INSAT-2B Launching Reported 


23 Jul Launching 


93WS0607A Bombay THE TIME OF INDIA 
in English 24 Jul 93 pp 1, 8 


[Text] Bangalore, July 23—The much-awaited launch of 
the INSAT-2B satellite was successfully carried out early 
today at 4.29 a.m. (IST) from Kourou, French Guyana in 
South America. It was greeted with jubilation by scien- 
tists at the ISRO headquarters and the master control 
facility (MCF), Hassan, even as the MCF received the 
satellite telemetry signal about six minutes after the 
satellite’s injection into the orbit. 


The signal marked the beginning of MCF’s control over 
the satellite, which would be manoeuvred into its loca- 
tion in the next two weeks. The satellite is expected to be 
operational by September, before which a series of 
checks would be conducted on the satellite. 


According to an Indian space research organisation 
(ISRO) spokesman, the launch vehicle injected the 
INSAT-2B satellite into a geo-synchronous transfer orbit 
(GTO), 25 minutes after the lift-off. The GTO would be 
with a 200.3 km perigee and an apogee of 35,957 km, 
with an orbital period of about 10.5 hours. 


Immediately after the master control facility (MCF), 
Hassan, in Karnataka, received the satellite telemetry 
signal, a satellite health check was performed and a series 
of commands were issued from the MCF so that the solar 
array faced the sun to generate the electrical power 
required by the satellite during the transfer orbit phase. 


All the operations were completed from MCF, Hassan, 
within 35 minutes after the satellite’s injection into the 
orbit. Apart from MCF, the satellite is being tracked by 
the INTELSAT’s ground stations at Perth (Australia), 
Fucino (Italy) and Clarksburg (USA). 


The INSAT-2B will undergo a series of orbit-raising 
operations to attain a circular orbit from its present 
elliptical one. This would be done by using the 440 
Newtons liquid apogee motor on board the satellite 
before it attains its final geo-stationary orbit about 
36,000 km above the equator. 


The deployment of the solar array, three-axis stabilisa- 
tion, deployment of the two antennas and the solar 
sail/boom would be carried out after the satellite attains 
its geo-synchronous orbit, which means that the satellite 
would revolve along with the earth’s rotation, thus being 
stationary with relation to a location on the earth—93.5 
degrees east longitude. It is expected to reach that 
location in about two weeks time after the satellite is 
adjusted into its slot with some trim movement opera- 
tions controlled from MCF. 


The satellite would be in operational use after a series of 
checks of all sub-system and payloads were carried out. It 
is expected to be operation.’ in September, 1993. 
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The INSAT-2B satellite is the second in the indige- 
nously-built INSAT-2 series, the first being INSAT-2A 
which was launched in July, 1992 and commissioned a 
month later. 


The INSAT-2A is located at 74 degrees east longitude, 
and with the commissioning of the INSAT-2B satellite, 
the capabilities of satellite communications is expected 
to double as there would be a “stereo effect” with both 
the satellites positioned 20 degrees apart. 


The INSAT-2 satellites are multi-purpose satellites pro- 
viding space services for telecommunications, meteoro- 
logical observations and data relay, nation-wide televi- 
sion broadcasting, radio and TV distribution, disaster 
warning and distress alert services. 


In Geostationary Orbit 
93WS$0607B Hyderabad DECCAN CHRONICLE 
in English 28 Jul 93 p 7 


[Text] Bangalore, July 27 (PTI)}—In yet another major 
feat, Indian Space Research Organisation (ISRO) scien- 
tists successfully placed the indigenous INSAT-2B in 
geostationary orbit, very close to its space home of 93.5 
degree East longitude, 36,000 km above the Earth. 


This was achieved when the critical firing of the liquid 
apogee motor (LAM), in the third and final orbit raising 
manoeuvre by the Master Control Facility at Hassan, at 
10.30 am on Tuesday. 


The LAM, which was fired for 2.8 minutes, was the third 
firing since the satellite was launched from French 
Guyana by an Ariane rocket on July 23. The latest firing 
pushed the satellite into the final geostationary orbit 
around 72 degrees East longitude. 


The satellite was drifting at the rate of 3.5 degrees a day 
and is expected [to] reach its alloted slot of 93.5 degrees 
East longitude in about six days, according to the ISRO. 


All systems on board the INSAT-2B, which will consid- 
erably enhance the country’s communication facilities, 
are working satisfactorily, the ISRO said. 


Deployment Completed 
93WS0607C Bombay THE TIMES OF INDIA 
in English 30 Jul 93 p 4 


[Text] Bangalore, July 29 (PTI)}—With the successful 
deployment of the two 1.8 m x 1.8 m parabolic antennas 
and the 4.4 m solar sail along with 14.5 m solar boom, all 
the deployment operations on INSAT-2B have been 
successfully completed. 


The reflector on the east side was deployed at 7.12 a.m. 
IST and the west reflector at 4.30 p.m., the ISRO said 
here today. 
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The boom was extended slowly over a period of 16 
minutes in a controlled manner and the solar sail 
released to stretch and lock up at the end of the long solar 
boom. 


India: Attempting To Penetrate Aerospace Market 


93WS$0033 Bombay THE TIMES OF INDIA in English 
14 Jun 93 p 11 


[Article by Srinivas Laxman] 


[Text] Paris, June 13—Hindustan Aeronautics Limited, 
(HAL) which will now play a key role in the selection of 
aircraft for Air-India and Indian Airlines, has embarked 
on a four-point programme to penetrate the highly 
competitive world acrospace market. 


Speaking to this correspondent, the HAL chairman, Mr 
R.N. Sharma and the additional general manager, Mr 
Akhilesh Rai, outlined the four key areas where HAL 
would lay emphasis. 


They explained that with the break-up of the Soviet 
Union and its effect on its aerospace industry, India has 
emerged as one of the biggest suppliers of spares for the 
MiG series of aircraft. 


“HAL is one of the largest makers of MiG spares and 
currently there were over 900 MiGs flying all over the 
worid and HAL can supply the spares for them, Mr Rai 
told this correspondent at the 40th Paris air show.” 


“We believe that the fabrication and supply of MiG 
spares would be an important market for us,” Mr Rai 
said. 


Said Mr Sharma: “When we come to an international air 
show, we observe and assess the total reaction of various 
agencies, customers and visitors: We would like to 
project India not only as a country on snake charmers, 
but also as a nation which has got technological capabil- 
ities,” he said. 


According to the HAL chief, the country till now was 
only an importer of aeronautical items. “But now we are 
poised to export as well,” he said. 


HAL has displayed a model of its Advanced Light 
Helicopter (ALH) at the air show along with a video film 
on this project. 


The HAL pavilion has been attracting a large number of 
visitors with most of them showing an interest in the 
ALH. 


Mr Rai said that all over the world there was a large 
market for a helicopter like the HAL-made ALH and 
efforts were made to find suitable buyers. This is the 
second area where HAL would lay stress. 


Four prototypes of the ALH have been planned and the 
first of the production versions is expected to roll out of 
the HAL assembly plant at Bangalore in 1996. 
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Mr Raj dismissed suggestions that the country’s defence 
force were not interested in the ALH adding only 
recently the Union cabinet has cleared the acquisition of 
a large number of these helicopters by the three wings of 
the armed forces. 





He said that some of the European countries had shown 
an interest in the military version of the ALH and 
certification from the US federal aviation administra- 
tion for the ALH was expected in 1995. 


Apart from the ALH and the supply of MiG spares, the 
third area where HAL wants to concentrate, is to become 
a supplier of spares for the Alloutte and Lama helicop- 
ters. This has become necessary as supply from other 
sources, particularly from Aerospatialle has dried up. 


Fourthly, HAL would also try to get work packages for 
other types of aircraft like the Dorniers and Jaguars. 


Mr Sharma said that HAL would now play a greater role 
in the maintenance of civil aircraft and a pointer to this 
is the fact that it had carried out major checks of some of 
the Boeing 737s owned by the Bombay-based East West 
Airlines. 


He said that talks were in progress for co-producing 50 to 
70 seater aircraft like the Fokker, air-42, and the 
advanced Turbo Prop (ATP) at HAL. “Similarly HAL 
hopes to forge an Asian regional co-operation for the 
manufacture of 100-seater aircraft,” he added. 


India: Developments in Satellite Engine 
Construction 


Polar Satellite Launch Plans 


93WS0034A Madras THE HINDU in English 
11 Jun 93 p4 


[Text] Thiruvananthapuram, June 10—The flight ver- 
sion of the Polar Satellite Launch Vehicle’s second stage, 
powered by the Vikas engine, left the Indian Space 
Research Organisation’s (ISRO) liquid engine test facil- 
ities centre at Mahendragiri (near Nagercoil) today for 
the Sriharikota launch centre. 


The ISRO is said to be striving to have the PSLV’s first 
launch on the night of August 14. More than 15 stories 
high and weighing about 275 tonnes, the PSLV will be 
India’s most powerful launch vehicle so far. Although 
intended to put one tonne satellites, such as the Indian 
Remote Sensing satellites, into 900 km sun-synchronous 
orbit, the first PSLV will have a payload capability of 
only around 870 kg. Additional safety margins provided 
after two failures of the Augmented Satellite Launch 
Vehicle (ASLV) is reportedly responsible for the reduc- 
tion in payload. The ISRO is, however, confident that it 
can achieve the one-tonne payload in subsequent 
launches. 


Liquid engines: Unlike the two previous launch vehicles, 
the SLV-3 and the ASLV, which used solid propellant for 
all the stages, the PSLV has two stages with liquid 
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propellant engines. The two liquid engines for the Fourth 
Stage were developed indigenously by ISRO’s Liquid 
Propulsion Systems Centre (LPSC). The flight version of 
the Fourth Stage was ready by last year end. 


The Vikas engine which powers the second stage is based 
on the Viking engine technology acquired from France in 
the Seventies. The engine has been licensed for produc- 
tion to Godrej & Boyce, Machine Tools, Aids and 
Reconditioners (MTAR), Hyderabad, and the Kerala 
Hitech Industries Limited, Thiruvanananthapuram. The 
Second Stage becomes operational after the huge solid 
first stage burns out at a height of around 56 km and will 
take the launch vehicle to a height of about 243 km. 


The flight version of the Second Stage, mounted on a 
specially designed and built tiltable transponder, left the 
Mahendragiri facilities shortly after 11 a.m. on 
Thursday. The convoy was flagged off by Dr. A.E. 
Muthunayagam, Director of LPSC, Dr. S.C. Gupta, 
Director of the Vikram Sarabhai Space Centre, Mr. 
Madhavan Nair, the PSLV Project Director, Mr. S. 
Nambinarayan, LPSC Deputy Director, and Dr. S. 
Sreenivasan, Director of the Integrated Launch Vehicle 
Programme, were present. 


The convoy is expected to reach SHAR in about 6 days. 
After further tests at SHAR, to ensure that the journey 
from Mahendragiri had not caused any damage, the 
Second Stage will be taken to the launch pad and placed 
on top of the first stage which is at present being 
integrated. 


Problems With Liquid Propulsion 


93WS0034B Madras THE HINDU in English 9 Jun 93 
p17 


[Text] Two stages of the polar satellite launch vehicle 
(PSLV) to take off later this year will use liquid engines. 
India’s previous launch vehicles, the SLV-3 and the 
ASLV, depended wholly on solid propulsion. PSLV’s 
fourth stage was ready for flight last year and the other, 
the second stage with the Vikas engine, will soon leave 
ISRO’s liquid engine test facilities near Mahendragiri for 
the Sriharikota launch centre. The next generation geo- 
stationary satellite launch vehicle, which uses the con- 
troversial Russian cryogenic engine technology, too will 
use liquid engines for all but one stage. N. Gopal Raj 
looks at reasons for growing importance of liquid pro- 
pulsion for India’s space programmes and challenges 
that lie ahead. 


When the 15 floor-high 275 tonne polar satellite launch 
vehicle (PSLV), lifts off from the Sriharikota launch pad 
later this year, it will be the first Indian launch vehicle to 
use liquid propulsion. India’s two previous launch vehi- 
cles, the SLV-3 and the augmented satellite launch 
vehicle (ASLV), relied entirely on solid motors. Small 
liquid engines were used only for correcting the vehicle’s 
orientation. By contrast, the PSLV uses liquid propul- 
sion for its second and fourth stages. 
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Liquid engines are more efficient than solid rockets, 
needing less propellant for the same thrust. But they are 
also far more complex than their solid counterparts. Use 
of liquid propulsion is likely to rise as India goes in for 
more powerful launch vehicles. Only the first stage will 
be solid in the next generation geostationary satellite 
launch vehicle (GSLV) which, for the first time, would 
use a cryogenic engine running on liquid oxygen and 
liquid hydrogen. The GSLV. scheduled for launch in 
1995, would retain PSLV’s liquid second stage and have 
four liquid engine boosters as well. 


The Vikas engine which powers the second stage of the 
PSLV and the GSLV’s boosters is based on the French 
Viking engine. More than 500 Viking engines have 
already flown on Ariane launch vehicles. 


Unique Technology Transfer 


The way the Indian Space Research Organisation (ISRO) 
acquired the Viking technology from France must stand 
Out as one of the most extraordinary technology trans- 
fers. ISRO had decided to secure this advanced liquid 
engine technology a decade before the PSLV project was 
even approved. Credit must undoubtedly go to Prof. 
Satish Dhawan, who was then Chairman of ISRO, for 
appreciating its necessity long before the need actually 
arose. 


The Indo-French agreement was unusual also for the 
reason that no cash was paid. Instead, Indian engineers. 
working at the Societe Europeenne de Propulsion (SEP), 
Europe’s biggest maker of liquid engines, provided some 
75 manyears for the development, testing and produc- 
tion of the Viking itself. ISRO also supplied 7,000 
pressure transducers for use in the Ariane. By such a 
participation, ISRO engineers gained vital insights into 
all aspects of liquid engines, in particular the all impor- 
tant turbo-pump technology. 


Pressure-fed Systems 


Most countries get their first experience in liquid engines 
using pressure-fed systems. In such systems, a pres- 
surised gas (usually helium which is inert) is used to push 
the propellants from the storage tanks to the combustion 
chamber. Being simpler, pressure-fed systems are conve- 
nient for getting to grips with many fundamental prob- 
lems of liquid engines such as choice of materials, 
high-precision machining, propellant flow control, 
injector design, combustion chamber design, cooling 
methodologies, throat linings, and nozzle design. 


However, pressure-fed systems are unsuitable for high 
thrust engines. Increasing the thrust needs larger quan- 
tities of propellants to be fed into the combustion 
chamber which, in turn, requires higher pressures. But 
there are, limits beyond which this pressure cannot be 
raised because the additional weight required for coping 
with the increased pressure—through thicker tanks, gas 
bottles and piping—would actually reduce rather than 
increase the payload. Pressure-fed systems are, in gen- 
eral, suitable for engines with thrust levels less than 
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about 30 tonnes while turbo-pump systems are preferred 
for high-pressure (and high thrust) liquid engines. 


In a turbo-pump engine, small quantities of the propel- 
lants are burnt in a separate small chamber and the 
resultant hot gases are used to drive a turbine. The 
turbine, in turn, drives the pumps which take the pro- 
pellants to the combustion chamber. Turbo-pump sys- 
tems can maintain uniformly high propellant pressures 
over long operational times. But the problems of turbo- 
pump development, such as designing an efficient tur- 
bine, devising suitable bearings and lubrication, and 
fabrication, are so complex that they are often consid- 
ered to be the most difficult technology in liquid engines. 


India had developed and tested a 3-tonne pressure-fed 
engine running on nitric acid and aniline by the early 
Seventies when the French proposal came. The French 
too had started with pressure-fed engines for their Dia- 
mant launch vehicles. Since they needed a 60-tonne 
thrust liquid engine for the Ariane, they had to switch to 
a turbo-pump system. SEP showed the feasibility of the 
Viking design with the M-40, France’s first turbo-pump 
based engine lending 40 tonnes thrust. 


Development of the Viking for the Ariane began in 
earnest in 1973. It was about this time that feelers were 
sent to India and the contract with ISRO was finally 
signed in 1974. Indian engineers worked in France for 
five years and were present at Kourou when the Ariane 
made its first test flight in December 1979. 


India got more than just the technology for the Viking, 
says one ISRO source. ISRO was allowed to place people 
in areas where it wanted to acquire expertise, such as in 
loading of liquid fuels and testing of the engines. It also 
got some valuable lessons in managing such develop- 
ment in a quasi-governmental set up. The French too 
gained by having ISRO engineers whose wages were 
much lower. 


In the initial stages ISRO farmed out the work of 
producing components for the Vikas engine to various 
industries. Assembling the engine and the stage entirely 
rested with ISRO’s Liquid Propulsion Systems Centre 
(LPSC). Recently, however, Godrej & Boyce in Bombay, 
Machine Tools, Aids and Reconditioners (MTAR) in 
Hyderabad, and Kerala Hitech Industries (Keltec) in 
Thiruvananthapuram have been licensed to make the 
whole engine. Both Godrej and MTAR have already 
provided one engine each to ISRO. Although the two 
companies do a considerable amount of integration, the 
final assembling and testing is still carried out by LPSC. 


Lower Costs 


The price to be paid to the industry for the Vikas is 
around Rs. 1.25 crores. LPSC could be spending about 
another Rs. 75 lakhs for the final integration and testing. 
The Vikas in a ready-to-fly condition then costs about 
Rs. 2 crores. By contrast, SEP’s Viking reportedly cost 
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close to Rs. 5 crores each. ISRO and Indian industry can 
therefore realistically consider exporting the Vikas 
engine or the components. 


According to reliable sources there is nothing in the 
Indo-French agreement to stop India from selling the 
engine (or technology) to a third country. However, 
heightened international concerns over missile prolifer- 
ation would require India to be circumspect about sale to 
a country which is not a signatory to the Missile Tech- 
nology Control Regime (MTCR). The U.S. is known to 
have stopped France from selling the Viking engine to 
Brazil for the latter’s launch vehicle programme. 


But the chances of being able to supply Viking compo- 
nents, let alone fully assembled engines, to an MTCR 
signatory are not very good. These engines are used only 
in the Ariane launch vehicle and Arianespace buys them 
from SEP. SEP executives were unenthusiastic about 
buying even the components from India. Nevertheless, 
since Indian industry is able to supply Vikas engines to 
ISRO at an internationally competitive price, they could 
think of exporting their high-precision fabrication capa- 
bilities. After a few of their Vikas engines have been 
successfully flown and there is greater cov fidence in their 
experience, industry could, for instance, try for similar 
fabrication jobs for other liquid engines. 


The present ISRO mission profile envisages six launches 
of the PSLV and five of the GSLV before 2000 AD. If 
this is adhered to, a total of 31 Vikas engines would be 
needed during this decade: | | for the second stage of the 
PSLV and GSLV, along with 20 for the GSLV liquid 
boosters. 


Before a newly developed engine flies for the first time, 
the engine and later the stage in which it will be used 
have to be test fired a number of times. Since Vikas was 
essentially a fully qualified engine being produced under 
license in India, it was test fired cumulatively for only 
around 1,600 seconds to prove its reliability of Indian 
fabrication and assembly. SEP is said to have tested the 
Viking for ten times longer. 


The first indigenous Vikas engines were ready before the 
Mahendragiri test facilities were operational, and so the 
initial firing tests were carried out by SEP in 1987 who 
found the Vikas engine’s performance comparable to 
that of the Viking. The subsequent firings of the engine 
and the stage to establish their flight worthiness were 
carried out at Mahendragiri. On October 18, 1992, the 
final test firing of the flight version of the PSLV second 
stage and its Vikas engine were carried out. 


Firing tests of the engine and stage are labour intensive 
and time consuming since the same meticulous care as 
for the actual flight is necessary in preparing the hard- 
ware. Preparations for a test often take several months 
and are extremely expensive. Testing the Vikas, for 
example, costs close to Rs. 2 crores for the engine itself 
while the propellants cost about Rs. 75,000 a second. A 
full duration 150-second firing would cost more than Rs. 
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3 crores. For these reasons, test firings are undertaken 
only after careful consideration and then, only for the 
minimum time. 


But it seems increasingly likely that the Vikas and the 
second stage will have to undergo more firing tests for 
future versions. Although the PSLV was intended to put 
a |-tonne Indian remote sensing (IRS) satellite into a 
900-km sun synchronous orbit, the first PSLV to be 
launched later this year will have a payload capability of 
around 870 kg. Meanwhile, the IRS-1C (expected to be 
launched from Russia by the end of next year) will weigh 
1.3 tonnes. Uprating the Vikas and the second stage is 
one of the options being considered to raise the PSLV’s 
payload. 


The Vikas engine now operates at a chamber pressure 
(the pressure inside the combustion chamber) of 52.6 
atmospheres and delivers a thrust of about 75 tonnes in 
vacuum. According to SEP, there was an eight per cent 
improvement in thrust when the chamber pressure of the 
Vikings were raised from 53.5 to 58.5 atmospheres. 
Assuming a similar increase, the Vikas engines should 
deliver about 81 tonnes thrust if uprated to operate at a 
chamber pressure of around 58 atmospheres. Increasing 
the pressure requires greater protection for the throat of 
the engine to cope with the very hot gases gushing out at 
high velocity. 


An additional option would be to load more propellant 
into the second stage (which now carries 37.5 tonnes) 
and thereby increase the duration for which the engine 
operates. At present, the Vikas engine and the PSLV 
second stage have been designed for 150 seconds of 
operation. The next generation GSLV will have four 
liquid boosters, each carrying an additional 2.5 tonnes of 
propellant and a Vikas engine capable of operating for 30 
seconds longer. 


As part of the endurance test, the engine has already been 
test fired at the current chamber pressure for 180 sec- 
onds. According to one LPSC source, the Vikas could be 
operated for up to 200 seconds at the current chamber 
pressure. Increasing the duration again needs better 
engine throat linings or alternate ways of protecting the 
throat. If the operating chamber pressure and/or propel- 
lant loading were changed, the engine at least would need 
to be test fired again. Such tests could take six months to 
a year. 


Hot Gases Pose a Problem 


Although fabrication and assembly of the engine and the 
second stage is being done in India, the special alloys and 
a few of the smaller components are now being imported 
easily. However, a critical item which is embargoed and 
still not being produced locally is the special lining 
protecting the nozzle throat from the high temperature 
gases. This lining is made of a composite material (silica 
fibres embedded in phenolic resin) called "Sephen’ by 
SEP. Supply of Sephen throat linings to India have been 
stopped on the grounds that the sale violated the MTCR. 
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The Materials Group at the Vikram Sarabhai Space 
Centre in Thiruvananthapuram is trying to indigenise 
this vital component. The indigenous Sephen throat 
linings have reportedly withstood 120 seconds of engine 
operation before burning through. Now, the Vikas has to 
be operated for 150 seconds and would be needed to 
operate for 180 seconds when used in the GSLV liquid 
boosters. The Sephen throat is said to be able to with- 
stand up to 220 seconds of operation. 


The LPSC is also working on other ways of protecting the 
engine throat. One method would be through regenera- 
tive cooling in which one of the propellants (UDMH) is 
first passed through channels milled around the throat 
and combustion chamber before being injected into the 
chamber for combustion. 


The Vikas engine uses UDMH (unsymmetrical dimethyl 
hyrazine) as fuel and nitrogen tetroxide as oxidiser. The 
two are hypergolic, that is, they burn spontaneously 
when brought into contact. 


The PSLV second stage carries 37.5 tonnes of UDMH 
and nitrogen tetroxide in a single tank with a common 
bulkhead separating it into two compartments. Both 
compartments are pressurised with helium gas so that 
the propellants press against the outlets. The four liquid 
boosters for the next generation geostationary satellite 
launch vehicle would each carry 40 tonnes of propellant. 


A small quantity of both propellants is burnt in a gas 
generator and the hot gases cooled by a spray of water 
(carried in a toroidal! tank below the propellant tank) to 
about 600°C. These hot gases and steam drive the 
turbine which, in turn, drives the three pumps for 
UDMIH, nitrogen tetroxide and water. The two propel- 
lant pumps ensure that about 250 kg of propellants are 
fed every second under pressure into the combustion 
chamber. 


UDMH and nitrogen tetroxide are injected as a fine 
vapourised spray into the combustion chamber where 
they spontaneously ignite, producing high temperature 
gases of around 3,000°C. Under the pressure produced 
by these high temperatures, the gases are pushed out at 
high velocity through the throat and the divergent nozzle 
to provide the thrust needed. The combustion chamber 
and the beginning of the nozzle are cooled by a thin film 
of UDMH supplied through additional channels just 
below the injector. 


The Vikas engine can be swivelled (known as gimballing) 
in two directions to control the launch vehicle's orienta- 
tion along the pitch and yaw axes. Hot gases from the gas 
generator are used for the actuators which swivel the 
engine. These hot gases are also used for thrusters to 
control the orientation along the third axis (roll). 


The Vikas engine produces 75 tonnes of thrust in 
vacuum and 60 tonnes at ground level. In the PSLV, the 
second stage and its Vikas engine are intended to be 
operational for slightly over 150 seconds. During this 
time, they will take the launch vehicle from an altitude of 
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56 km to 243 km. The Vikas engine will also be used for 
the four liquid boosters of the GSLV when, with the 
extra propellant carried, it will operate for an additional 
30 seconds. 


Indigenous Capabilities for Liquid Propulsion 


The establishment of an independent R&D centre for the 
development of liquid engines reflects the growing 
importance of liquid propulsion for launch vehicles and 
satellites. Once approval was granted for the develop- 
ment of the PSLV in 1982, ISRO’s liquid propulsion 
activities moved into top gear. Two full stages with 
liquid engines—one, a direct derivative of the French 
Viking engine and the other to be developed from 
scratch—were required. Another major project was to 
develop a liquid apogee motor (LAM) for the indigenous 
INSAT-2 multipurpose communication satellites. The 
Liquid Propulsions Systems Unit was established in 
1985 and the Liquid Propulsion Systems Centre in 1987. 


A cryogenic engine is essential for the GSLV. Only the 
giant first stage in the GSLV will use solid propulsion, 
for even the boosters will have liquid engines. Should the 
IRSO require a more powerful launch vehicle than the 
GSLV, an all liquid engine launch vehicle could be 
economical. Though the other principal launchers 
around the world use liquid engines for their main 
propulsion and restrict solid propulsion to boosters, 
ISRO is basing its launch vehicles on the expertise it had 
developed in solid propulsion. 


The liquid engines and the fully assembled stages have to 
pass a battery of tests, including several firings. For 
safety, such test facilities require a lot of area. Windiness 
is an advantage as it quickly disperses the noxious fumes 
produced during firings. 


After the technology for the Viking engine was acquired 
from France, ISRO cast around for a suitable location to 
establish its liquid engine test facilities and settled at 
Mahendragiri, near Nagercoil on the road to Tirunelvell. 
Nestled on the foothills of the Western Ghats, it is 
blessed with constant winds. Should something go wrong 
and explode the mountains would be able to absorb the 
shock and limit the damage. After a short tussle with 
environmentalists who maintained that the facility 
would disturb the habitat of the lion-tailed monkeys, the 
ISRO acquired 4,200 acres. An additional 2,000 acres of 
forests is maintained as a buffer zone. 


The facilities were established at a cost of about Rs. 35 
crores. The most imposing of these is the principal test 
stand where the Vikas engine and the second stage are 
test fired. The PSLV’s fourth stage engines and the 
complete stage are put through their paces at a separate 
stand which has a high altitude facility to simulate the 
vacuum conditions of outer space. The LAM for the 
INSAT-2 satellites is also tested here. The test stands for 
the cryogenic engine and stage too will be established 
here. 
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A mini plant to manufacture liquid hydrogen was com- 
pleted by the U.S. firm, Process Systems International, 
shortly before the U.S. administration clamped a two- 
year ban on exports to the ISRO. A larger integrated 
liquid hydrogen plant is being designed and erected with 
help from Linde AG of Germany. This plant, which will 
be commissioned in a few months, will produce 150 
tonnes of liquid hydrogen, 600 tonnes of liquid oxygen 
and 700 tonnes of liquid nitrogen annually, says Dr. A.E. 
Muthanayagam, LPSC’s Director, who was one of the 
early recruits to the space programme and has overseen 
liquid propulsion activities from almost its inception. 
When the GSLV is launched, the liquid hydrogen and 
liquid oxygen will be conveyed by road to the Sriharikota 
launch pad. NGR 


Indigenous Engine Development 
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[Article by N. Gopal Raj: “Two Engines Are Better Than 
One”’} 


[Text] When ISRO needed: a liquid engine for the last 
stage of the PSLV, it decided to develop the engine 
indigenously. While finalising the PSLV configuration, it 
was found that a liquid engine giving around one tonne 
thrust would be needed to maintain the giant launch 
vehicle’s orientation along the roll axis while the giant 
first stage (one of the world’s largest solid motors) was in 
operation. Further studies showed that two such engines 
would together meet the requirements of the fourth stage 
as well. 


However, it took the LPSC engineers nearly a decade to 
complete the engine and the stage to carry it. A host of 
formidable problems, which once looked as if they might 
considerably delay the entire PSLV project, had to be 
surmounted. It was a proud day for LPSC when, at long 
last, on December 21, 1992, the flight version of the 
PSLV fourth stage, with its liquid engines, left Mahen- 
dragiri. 


“This engine and stage is world class, and there have 
already been some enquiries from Europe for its pur- 
chase,” says a senior LPSC engineer proudly. 


The fourth stage has a vital role in deciding the accuracy 
with which Indian remote sensing (IRS) satellites are 
injected into a 900-km polar orbit. Although solid pro- 
pulsion was initially considered, the stringent orbit spec- 
ifications tilted the balance in favour of liquid engines. 
These specifications could be best achieved with a liquid 
engine which could be stopped and restarted. Such 
restart capability would be impossible with solid engines. 
Liquid engines have the additional advantage of giving 
the same thrust levels with less propellants than solids 
and therefore provide more payload for the same stage 


weight. 
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Kegenerative Cooling improved fabrication methods which are already avail- 


The development of liquid engine began in 1983. It was 
to produce about 750 kg of thrust. The fourth stage 
would have two such engines drawing propellant from a 
common tank. The engines would have regenerative 
cooling, where a propellant is passed through special 
channels around the throat and combustion chamber to 
cool them, on so that they could be fired for long periods 
together. As it turned out, LPSC found it an uphill 
struggle to develop such an engine. 


One of the most intractable problems was fabricating the 
channels for regenerative cooling. Helical channels have 
to be created through which the cool propellant can 
circulate, absorb the heat and cool the throat in the 
process. The method chosen by LPSC to fabricate these 
coolant channels proved very difficult to achieve in 
practice. As a result, the propellant would not flow 
smoothly and evenly through the entire length of the 
channels. Hot spots formed when the engine was fired 
continuously. Time and time again the metal would burn 
through before the engine had operated for the full 
duration. “It took us three years to perfect the fabrica- 
tion technique and we very nearly gave up,”” remembers 
one LPSC source. There were nearly 150 test firings 
before the various problems were sorted out. 


The engine was first successfully fired for 60 seconds at 
Mahendragiri and later for 530 seconds in May 1988. 
More test firings of the engine and the stage followed. 
Eight stop-restart operations were carried out in quick 
succession during a single test. A total of 11 starts on the 
same hardware, with a cumulative duration of 1,160 
seconds, have been demonstrated. The fourth stage 
engines function in vacuum and a special high altitude 
test facility was used to prove its operation. They have 
been test fired for a total of 8,500 seconds, including 
1,083 seconds under simulated high altitude conditions. 
The final test of the fourth stage in the flight configura- 
tion was demonstrated in July 1992 and assembly of the 
actual flight hardware began immediately afterwards. 


Helium Gas Bottles 


Helium gas at more than 300 times normal atmospheric 
pressure is carried in titanium alloy gas bottles. When 
the engine is to be ignited, a regulator system lets the 
helium into the propellant tanks at a pressure of 17 
atmospheres. Under this pressure, the propellants are 
forced out into the combustion chamber where, being 
hypergolic, they burn spontaneously on contact with 
Oxidising agents. The propellant tanks have a special 
propellant acquisition system to maintain a steady flow 
of propellants to the two engines under conditions of 


very low gravity. 


Being the uppermost stage, where every kilogramme 
saved is another kilogramme of payload, every effort has 
been made to keep the weight down. After several test 
firings the number of gas bottles have been brought down 
from five to three, with a saving of over 60 kg. With 


able and have been used for the INSAT-2, it would be 
possible to bring the weight of even these three gas 
bottles down by about another 30 kg. 


The propellant tank can probably be made much lighter. 
The two propellants are stored in separate compartments 
with a common bulkhead in a single cylindrical titanium 
alloy tank. The tank has walls between 2.1 mm and 2.3 
mm thick, and it weighs about 146 kg. If the machining 
tolerances can be improved, the thickness of the walls 
could be reduced by about 0.2 mm, and save about 25 kg. 


The Fuel 


The fourth stage engines use monomethyl hydrazine as 
fuel. The oxidiser is MON-3, which is mixed oxides of 
nitrogen, with 3’ denoting the percentage of nitric oxide 
in the nitrogen tetroxide. If nitrogen tetroxide is stored 
for long [periods] of time in titanium alloy tanks, it 
becomes thicker and corrosion cracks develop in the 
tank itself. The nitric oxide in MON-3 prevents these 
effects by forming a protective nitride coating inside the 
tank. MON-3 freezing at a lower temperature than 
nitrogen tetroxide is an added advantage. The Vikram 
Sarabhai Space Centre in Thiruvananthapuram devel- 
oped the process of producing MON-3 from nitrogen 
tetroxide and set up a plant for the purpose at Mahen- 
dragiri. 


It may be possible to optimise the excess fuel left after 
the fourth stage engines shut down. Estimates indicate 
that there would be between three kg and 19 kg of 
propellant remaining in the tanks. But the surplus pro- 
pellant carried can be safely reduced only after a few 
successful flights generate data on actual requirements. 


LPSC sources were of the view that it would be very 
difficult to improve the thrust levels of the fourth stage 
engines by increasing the operating chamber pressure. 
The engines were probably operating at the optimum 
level already, according to one of them. 


After the PSLV’s third stage burns out, the fourth stage, 
along with the satellite, coasts along for about 270 
seconds. It is vital to orient this stage (and the satellite) 
accurately before the engines are fired. The fourth stage 
has two clusters of three small liquid engines each to 
correct its orientation along all three axes while it is 
coasting. These thrusters draw propellants from the same 
tank as the two engines and produce about five kilo- 
grammes of thrust each. 


At the end of the coasting phase, the two engines are 
ignited and operate for around 415 seconds. As with the 
Vikas engine, these engines too can be swivelled to 
control the orientation of the fourth stage. When the 
Stage attains the proper velocity (about 7.4 km per 
second) and height (about 908 km) for injecting the 
satellite into orbit, the engines shut down and the stage is 
separated from the satellite. 
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INSAT Launch Details 
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[Text] The successful launch and operationalisation of 
INSAT-2A, the country’s first indigenous multi-purpose 
communications satellite, in July 1992 was undoubtedly 
a triumph. A little known fact is that tragedy very nearly 
struck when a malfunctioning regulator valve sent the 
pressure in the propellant tanks soaring soon after the 
Ariane launcher put the satellite into orbit. Some bold 
thinking by the project team, aided by good luck, man- 
aged not only to sort out the problem but even to turn it 
to their advantage. 


Communication satellites like the INSAT-2A are gener- 
ally parked in a geostationary orbit (GSO) about 36,000 
km above the equator. Satellites in GSO match the 
earth’s rotation and appear from the ground to be 
stationary. As a result, they are well suited to the role of 
space based communication relays. Launch vehicles, 
including Ariane, put the satellites into an elliptical 
geostationary transfer orbit (GTO) about 200 km by 
36,000 km. The satellites carry powerful onboard rocket 
motors to provide the additional velocity needed to 
change their orbit from the elliptical GTO to the circular 
GSO. 


The motors are fired when the satellite is at the apogee 
(distance farthest from the Earth) so that the additional 
velocity needed would be minimal. For this reason, these 
rocket motors are often known as apogee boost moiors 
(ABM) or apogee kick motors. Although solid motors 
can be used for this purpose—India’s first experimental 
communications satellite APPLE (Ariane Passenger Pay- 
load Experiment), for instance, used a solid motor—it is 
more fuel efficient to use a liquid motor which can be 
stopped and restarted with ease. The efficiency of the 
ABM has enormous financial implications. In the 
INSAT-2 series, for instance, saving just 20 kg of pro- 
pellant increases the life of the satellite by a year. The 
INSAT-2A’s 18 C-band transponders alone would fetch 
Rs. 80 crores at the very least during that one year at the 
current commercial rates. 


The liquid apogee motor (LAM) for the INSAT-2 series 
was developed completely indigenously. The INSAT-2 
LAM generates only about 45 kg of thrust, but has to fire 
continuously for long periods. The LAM has to operate, 
through several stop-restarts, for about one and a half 
hours altogether to change the satellite’s orbit from GTO 
to GSO. Only a handful of companies in the world 
manufacture these liquid motors which fall in the 
banned list of the MTCR. 


To the alarm of the project team assembled at the Master 
Control Facility (MCF) in Hassan (southern Karnataka), 
soon after the Ariane launcher put the INSAT-2A in the 
geostationary transfer orbit, a malfunction in the regu- 
lator valve led to the pressure in the propellant tanks 
(designed to withstand up to 32 atmospheres) rising 
ominously above the normal operating pressure (17 
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atmospheres) and heading, seemingly unstoppable, 
towards the proof pressure (24 atmospheres). One option 
was to shut a latch valve between the gas bottles and 
propellant tanks to stop further rise in pressure. But the 
latch valve was not designed to operate at such pressures 
and could get stuck in the closed position. The satellite 
could then become irretrievably stranded in some inter- 
mediate orbit between GTO and GSO. 


The most attractive option was to fire the LAM early to 
relieve the pressure building up in the propellant tanks. 
The crucial issue that the project team had to face was 
how long the LAM could be fired at these higher 
chamber pressures. The LAM had been test fired cumu- 
latively for 9,300 seconds at the normal chamber pres- 
sure of seven atmospheres. But it had been test fired at a 
chamber pressure of about 7.6 atmospheres for only 100 
seconds. Would the LAM take a prolonged firing—the 
original plan envisaged the first firing lasting one hour— 
at a chamber pressure for well over eight atmospheres or 
would the engine itself be burnt through by the scorching 
heat of the escape gases? 


The team, headed by project director, Mr. P. Ramachan- 
dran, took a calculated risk by firing the LAM for 4,000 
seconds (nearly 67 minutes). By then, the tank pressure 
had touched 22 atmospheres (which would have pro- 
vided a chamber pressure of 8.6 atmospheres, according 
to later estimates). The gamble worked magnificently. 
The engine was well able to withstand the firing. "We 
have the only apogee boost motor which has been fired 
for 4,000 seconds continuously, says the ISRO 
Chairman, Prof. U.R. Rao. 


With just another small firing (instead of two firings as 
originally planned), the INSAT-2A was safely in orbit. 
An added bonus was that the higher chamber pressure 
increased the efficiency of the liquid engine. Enough 
propellant is estimated to have been saved to increase 
the life of the satellite by nearly a year. "We do not want 
to reduce safety margins by increasing the operating 
chamber pressure of the LAM in order to save propel- 
lant,’ says Dr. K. Kasturirangan, director of the ISRO 
Satellite Centre at Bangalore. The project team is, how- 
ever, weighing the pros and cons of having a longer 
duration first LAM firing (albeit at the normal chamber 
pressure) for the INSAT-2B which is to be launched 
soon. 


The INSAT-2B has two regulator valves in tandem. If 
the first regulator valve malfunctions, a bypass line will 
allow the second regulator to take the full pressure from 
the gas bottles. "The cause for the regulator malfunction 
has been identified and corrective steps taken’, says one 
LPSC source. But other sources contend that the mal- 
function has not been fully understood —NGR 


Reaction Control System 
93WS0034E Madras THE HINDU in English 9 Jun 93 
pl9g 


[Text] While liquid engines for launch vehicle propul- 
sion are behemoths which belch clouds of smoke, the 
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rocket motors used to correct a satellite’s orientation and 
orbit fit easily into a palm. Yet their size can be mis- 
leading, for each of the reaction control system (RCS) 
thrusters for the INSAT-2 satellites cost about Rs. 20 
lakhs when imported. ISRO has indigenously developed 
the thrusters needed for its Indian remote sensing (IRS) 
satellite and for the INSAT-2 series as well. 


The Bangalore wing of the LPSC which deals with 
satellite propulsion was established in 1974 for making 
the pressure transducers provided to France as payment 
in part for the Viking liquid engine technology. After the 
contract was fulfilled around 1982, the pressure trans- 
ducer unit (as it was called) took up the indigenous 
development of thrusters needed for the satellite pro- 
gramme. The prime requirement for these small liquid 
engine motors is that they should provide small bursts of 
thrust for the fine movement of the satellite. 


A monopropellant thruster, using hydrazine, giving 
about 100 grammes of thrust was developed for the IRS 
satellites. Sixteen such thrusters are used in the IRS-1A 
launched in March 1988 and IRS-1B launched in August 
1991. The same thrusters are also used in the stretched 
Rohini series satellites (SROSS) which the augmented 
satellite launch vehicle puts into orbit. Some degradation 
in the performance of the thrusters is said to be occurring 
after several years of operation in space. But ground 
simulations have reportedly failed to identify the 
problem. The Spacecraft Propulsion Systems unit is 
developing a one-kg thruster which will be used in the 
IRS-1C (scheduled for launch in 1994-95) to raise the 
satellite’s orbit. 


The successful development of the two-kg thrusters for 
the INSAT-2 satellites was an important feather in the 
cap of the unit. The INSAT-2A has 10 of these indige- 
nous thrusters, along with six imported ones. The indig- 
enous RCS thrusters have been able to deliver shorter 
pulses than the imported thrusters, according to sources 
in the Insat project team. There are only four imported 
thrusters in the INSAT-2B which will be launched this 
month and INSAT-2C (to be launched next year) could 
have all 16 thrusters as indigenous. 


The high-precision fabrication facilities at the unit is 
used for a variety of purposes. The mux-demux (multi- 
plexer-demultiplexer) filters used in the INSAT-2’s com- 
munication payloads are made in this facility. Each of 
these mux-demux filters would cost Rs. 3 lakhs to import 
and 98 of them have been provided for the INSAT-2A 
and 2B. The unit also has one of the biggest electron 
beam welding facilities in the country. The large propel- 
lant tanks for the PSLV’s second stage are electron beam 
welded here. 


ENERGY, ENVIRONMENT 


India: Substitute for Harmful Chlorofluorocarbons 
Developed 
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[Text] Hyderabad, July 18 (UNI)—India joins the select 
band of countries producing hydro fluoro carbons 
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(HFCs), with the recent development of "HFC 1|34a’°—a 
substitute for the harmful chloro fluoro carbons (CFCs) 
by the Hyderabad-based Indian Institute of Chemical 
Technology (IICT). 


CFCs which are extensively used in refrigeration, aircon- 
ditioning and foam industry cause damage to the ozone 
layer which protects life systems by filtering harmful 
solar radiation reaching the earth. Ozone is, perhaps, the 
most important trace gas as its depletion in the strato- 
sphere leads to an increase of ultraviolet radiation on 
ground with its harmful effects on health, eco and 
aquatic systems. 


CFCs also contribute to global warming potential which 
will have far-reaching consequences including rising of 
temperature in atmosphere which in turn changes sea 
levels. 


Besides some developed countries, China is the only 
other country which has the capacity to produce HFCs. 


CFCs are highly stable compounds and do not decom- 
pose in the atmosphere. Whenever emitted into the 
atmosphere, they reach the stratosphere and release 
chlorine atoms that damage ozone layer. 


In view of the mounting scientific evidence about the 
seriousness of the hazards of ozone depletion caused by 
the CFCs, the "Montreal protocol’, which was brought 
into effect a few years ago, decided to phase out CFCs 
with substitutes that do not cause ozone depletion, and 
also contribute minimum for global warming potential. 
India signed the protocol in 1992. 


At a subsequent meeting at Helsinki, delegates of the 
protocol agreed upon a more drastic step of complete 
phasing out of production and consumption of CFCs by 
2000 AD. India and other developing countries were 
given the deadline of 2010 AD to do so. 


A steering group, constituted by the Centre for Scientific 
and Industrial Research (CSIR) to initiate and monitor 
investigations, following which IICT began work on the 
development of technology for HFCs. 


The IICT director, Dr A.V. Rama Rao, told UNI that 
though India’s emissions were minimal (about 1000th of 
the total global release) and the per capita consumption 
of CFCs in the country was as low as seven gm compared 
to 1.20 kg in United States and 60 grams in China, there 
was vast potential for expansion and export. 


He said it was imperative that India develops its own 
technology for alternatives suggested as long-term sub- 
stitutes and simultaneously explore other possibilities in 
the event of a complete switchover to new substitutes. 


The scientific community in many countries, after years 
of research, had found several alternatives for selected 
CFCs, and one [of] them was to replace CFCs with "HFC 
134a’ which did not release any chlorine atoms causing 
damage to ozone layer. 
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HCT had set up a special laboratory for handling the 
hazardous chemicals like hydrogen fluoride and to carry 
out exploratory studies on bench scale to develop "HFC 
134a’ technology for commercial production. 


IICT had set up a special laboratory for handling the 
hazardous chemicals like hydrogen fluoride and to carry 
out exploratory studies on bench scale to develop "HFC 
134a’ technology for commercial production. 


The development of technology on bench scale unit was 
completed and IICT now planned to instal a prototype 
plant for the production of "HFC 134a’ at a capacity of 
five kg per hour. 


The prototype plant would cost Rs six crore and already 
governmental agencies and industry had committed for 
orders to the tune of Rs one crore. Hence, the IICT was 
approaching international agencies for funding for the 
setting up of prototype plant. 


The prototype plant was expected to be ready by 
December 1994, the demonstration of the production of 
"HFC 134a’ in the plant to private industries by 
December 1995, and the transfer of technology and 
commercial production of "HFC 134a’ by December 
1997. 


India: High-Capacity Solar Water Heating System 
Develo 
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[Text] Madras, June 22—The Bharat Heavy Electrical 
Limited (BHEL) has developed a 50 litres a day capacity 
solar water heating system. 


Mr. K. Ramakrishnan, Director, Engineering and 
Research and Development, BHEL, said here on 
Tuesday the BHEL had also planned to try out a special 
coating for solar water heating systems prepared by the 
National Aeronautics Limited which was expected to 
improve the efficiency of conversion of solar into 
thermal energy and bring down the cost. 


The public sector company, among other things, was 
entering into contracts with several companies to ensure 
that the solar collectors installed by it were maintained 
well. Under the agreements, training would be provided 
and arrangements made to supply the spare parts. BHEL 
had so far installed 14,000 flat plate (solar) collectors all 
over the country and the target for 1992-93 was another 
10,000 collectors, he added. 


Mr. Ramakrishnan, who was speaking at a seminar on 
“Solar Water Heating Systems” organised by the BHEL, 
said it was estimated that a 10,000 litre capacity solar 
water heating system working for 300 days and pro- 
ducing water at 60°C would help conserve fossil fuel 
equivalent to about 30,000 litres of diesel a year. 


Heating systems in high-rise buildings: Mr. K.A. 
Sundaram, Chairman and Managing Director, Tamil 
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Nadu Energy Development Agency, delivering the key- 
note address, said there was an urgent need to make the 
installation of solar water heating systems in high rise 
buildings mandatory. After all, legislation in this regard 
was in force in Israel. 


In Tamil Nadu, 1,964 domestic solar water heating 
systems and 268 bigger systems were in operation, saving 
about | 36 lakh units of electricity a year, but this was not 
enough, when one considered the potential available and 
the progress in other States, he said. 


Mr. Sundaram also urged banks and other financial 
institutions to sponsor groups of housing colonies for 
installation of solar water heating systems by providing 
soft loans recoverable in easy instalments. He said organ- 
isations such as the BHEL had to strengthen their 
research and development divisions to make the systems 
more cost-effective. They could develop a patent which 
could be transferred to entrepreneurs for a fee. The need 
of the hour was to encourage private enterprise to 
produce and market small units, he added. 


Mr. V.A. Sunar, General Manager, Regional Operations 
Division (ROD), Madras, welcomed the gathering. Mr. 
P.K. Gunaseelan, Senior Deputy General Manager, 
ROD, Madras, proposed a vote of thanks. Dr. N.K. Giri, 
Mr. R. Sampath Kumar and Mr. M Sreenath, of the 
BHEL unit at Rudrapur, Uttar Pradesh, made audio- 
visual presentations on the applications and other 
aspects of solar water heating systems developed by the 
BHEL. 


SCIENCE & TECHNOLOGY POLICY 


India: Flaws in Policy on Science, Technology 
Seen 
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[Article by Ranee Kumar] 


[Text] Hyderabad—The scientist community is in a 
flutter with the new technology policy on the verge of 
becoming reality, the axe on scientific research seems 
inevitable. The squeeze on central budgetary support to 
research and development bodies especially the Centre 
for Scientific and Industrial Research and the Indian 
Council for Medical Researchs is being met with an 
apprehensive frown. While some scientists have taken a 
fatalistic stand by saying the government needed a 
‘whipping boy’ to vent its ire, there are others who are 
trying to make the best out of a bad bargain. 


A glance at the budget allocation for research and 
development (R&D) in science and technology will put 
things in proper perspective. For 1993-94 the outlay 
towards the department of science and industrial 
research (including CSIR) is Rs 315 crore as compared to 
Rs 278 crore the previous year (1992-93), the depart- 
ment of science and technology is allocated Rs 337 crore 
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for 93-94 as against Rs 282 crore in 1992-93. The 
department of electronics had its allocation up to Rs 124 
crore (93-94) from Rs 88 crore (92-93) by comparison 
the department of space gets a hefty Rs 718 crore for 
93-94 from Rs 510 crore in 92-93 while that of atomic 
energy notches Rs | 200 crore (93-94) from Rs 1100 crore 
the previous year. 


The marginal increase for the departments of science 
and industrial research, science and technology is 
depressing enough to send the scientific fraternity into a 
state of shocked bitterness. 


A scan of the four laboratories under the CSIR pen- 
umbra in the city, leads one to infer that the meagre 
funding from the Centre is not only arresting the 
progress of research but it is simply "killing’ the scientific 
spirit as One eminent scientist puts it. 


The wave of liberalisation that swept the country around 
1991 had set the government on working its way in 
evolving the new technology policy. Somewhere along 
the line, the focus fell on the CSIR which has already 
faced flak. The Abid Hussain committee report on the 
lapses in the CSIR system with regard to R&D and the 
recommendations put forth seems to have a bearing on 
the technology policy whereby the CSIR laboratories are 
to fund their own research. 


The government has directed the CSIR to earn 50 per 
cent of their budgets by the year 2000 AD. At present, 
according to the minister of state for science and tech- 
nology, Mr R Kumaramangalam’s statement “the gov- 
ernment is willing to be more than pleased if these 
scientific research institutes would earn at least 35 per 
cent.” And the research should be market oriented, 
industry oriented. In other words, the government 
expects the laboratories to churn out research that can 
*sell’ and ’sell quick’. 


What irks the scientists is not so much the acceptance or 
adherence to the governmental stance. But, that this 
should be accompanied by a sudden freeze in budgetary 
support and an overnight dictat to rise up to the occasion 
by declaring to raise resources independently. As Dr 
Balasubramanian, director of Centre for Cellular Molec- 
ular Biology (CCMB) aptly puts it—“the policy is rea- 
sonable, then, at least give us a breakeven point, which in 
the case of CCMB will come after three years. But we 
would like the government to give us the wherewithals to 
operate without interference.” For instance, Rs 5.54 
crore as against Rs. 6.40 crore for 92-93 and Rs. 6.64 
crore for 91-92 from the CSIR funds. Assuming that the 
lowest chunk of the expenditure goes towards salaries, a 
mere 12 per cent approximately is left to run the labo- 
ratory. 


The thrust is now on adopting modern technology on par 
with the developed countries if we are to vie with them 
in quality product. As one scientist says a whopping 
$100 million is meted out towards research for one 
laboratory in the United States and here we expect a 
mere Rs 292.78 crore allocated this year to the CSIR to 
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fund its entire gamut of laboratories. The disparity is 
abominable, though in all fairness there is no compar- 
ison between a resource-rich nation like the USA and a 
developing nation like ours. “Yet our intellectual capac- 
ities are second to none in the world,”’ declares Mr Harsh 
K Gupta, director of National Geological Research Insti- 
tute (NGRI). 


Yet scientists as a whole are treated with indifference. 
laments one member of the community who had recently 
toured the United States on an official visit. 


A scientist in the US has free access to the powers that 
be, his opinions are reviewed with alacrity and acted 
upon if proved to be useful on a pedestal, as a top 
priority sector. The rise in the flight of young scientific 
talent from India is self-explanatory. 


Languishing in governmental indifference is Centre for 
Medicinal and Aromatic Plants, another CSIR labora- 
tory in the city. The scientists there hardly see any hope 
of building funds through selling technology, to private 
industry. One scientist sees no rationale in the CSIR 
dishing out scholarships to research scholars of univer- 
sities, pool officers, etc.. and deputing them to make use 
of its laboratories in their research, when its own funding 
is in a disheartening state. When CSIR is made to 
function under resource crunch, there is absolutely no 
reason why it should undertake to sponsor research 
candidates of autonomous institutions other than its 
own. The amounts directed towards these research 
scholars could be diverted to funding research in its own 
laboratories, one such scientist feels. 


The Indian Institute of Chemical Technology (IICT) 
formerly known as Regional Research Laboratories 
(RRL) does not seem to be as disillusioned as the others. 
The director of IICT Dr Rama Rao is confident of 
private sponsoring of chemical research though he says 
that when it comes to industry funding a project, it is the 
multinationals who come forward rather than the Indian 
industry. 


The ban of CSIR has been the lack of a healthy interac- 
tion between the industrial/corporate sector and the 
scientific technology research as the Abid Hussain com- 
mittee report pinpoints. Both these sectors grew up in 
isolation and both have nurtured distorted images of one 
another. The industric’ sector believes the CSIR inca- 
pable of useful, timely research. The CSIR on its part is 
of the opin’on tnat m? vufacturing firms prefer the sofi 
option of imre. iu, , oven technology as they have no 
capacity for technulogy absorption and development. 


This concept has to change in the present context and it 
has altered according to Mr Harsh Gupta of NGRI. On 
exploration work carried out by NGRI in response to 
sponsored projects by agencies like Oil India, GSI and 
State mineral departments, clearly establishes the effec- 
tiveness of indigenous technologies, he states in one of 
his reports. 
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The CSIR dilemma is like the chicken or egg syndrome. 
Ideally the Indian industry ought to take a step forward 
and come out liberally with funds to develop technolog- 
ical research. On the other hand the research and devel- 
opment wings ought to cater to a totally industrial 
oriented research and rise up to a level at which the 
developed technology can sell. Not all research is 
industry based, some of it is basic research. Granting the 
fact that pure scientific research should be drastically cut 
down, its importance cannot be undermined as it pro- 
vides essential data base from which technology can be 
evolved. This concept is fast losing ground with the new 
generation of budding scientists who are being trained to 
sell technology. 


Scientists who are unhappy with the Centre's ‘stepmoth- 
erly’ attitude towards the CSIR see total privatisation, as 
the only hope for R&D to thrive, on its own and pick up 
impetus to be on par with the global scientific technology 
scenario. 


Technology the world over has been leap frogging and 
implementation of technology ought to be selective and 
suitable to a nation’s needs. The new technology policy 
draft falls short of putting this aspect into focus. Con- 
Strained by resources, we should not adopt outdated 
technology but should aim at imbibing technology on par 
with the developed nations, appropriate latest, user 
friendly technology, and stringent adherence to quality 
Ought to be stressed upon. It is not enough for the 
government to suddenly unbind the umbilical cord 
which bound the research and development institutes to 
it and throw them out to fend on their own. “Give us a 
target, set the ball rolling, prop us up for stipulated time 
and the results will jet out of the spring,” says one senior 
scientist. Research essentially is not the fruit of a day's 
labour. It is time consuming effort of a set of superior 
intellectuals. Mindless egging on would hinder develop- 
ment rather than stimulate progress. 


India: Budget Cuts Said to Endanger R&D 
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[Article by Vinay Dharmadhikari] 


[Text] New Delhi, June 11—The restructuring of the 
Indian economy ‘vhich began in a major way in June 
1991, is going to lead to the severest-ever spending cuts 
in science and technology. and in R&D. Apart from loud 
protests and flailings heard from within science and 
technology departments of the government, alarms are 
being issued by eminent persons such as Prof C.N.R. 
Rao and Dr P.K. lyengar and Dr Roddam Narasimha. 


Realising this inevitability, the country must now under- 
take the challenge to improve the quality and the impact 
of Indian R&D, with even lesser resources. 


A mandatory insistence on quality in each and every 
R&D project will force better targeting of technologies 
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and their ultimate diffusion. This will engender a re- 
ordering of priorities and will bring about newer 
methods of sharing responsibilities between private, 
public and co-operative sectors. Significantly, it will 
bring R&D closer to a majority of clients, especially the 
disadvantaged and the unreached, in whose name it will 
be easier and justifiable to get such funds. 


Over the years, once started. R&D programmes have 
somehow been continued year after year, regardless of 
ground results. Moreover, universities, institutes and 
R&D centres have been burdened with staff, whose 
salaries and establishment expenditures take the lion’s 
share of budgetary support—leaving little or none for 
projects or for material purchases. 


In fact, for any scientist or R&D project leader typically 
charged with multiple responsibilities, it is nearly impos- 
sible to give equal attention to all the tasks, no matter 
how important. 


How can the above-mentioned revolution in the 
improvement of the quality and impact of R&D, be 
achieved? 


Five key strategies are suggested below: 


—Don't add without subtracting: We should not start 
new institutes, societies, centres or programmes 
without either closing down or amalgamating existing 
institutes, centres or programmes. It is well-known 
that excellent scientists to head so many programmes, 
are not available immediately. This then forces selec- 
tion of mediocre scientists as heads. This, in turn, seals 
the fate of the enthusiastic and creative young scien- 
tists, at lower levels in the hierarchy. 


—Non-hierarchical evaluation by differently motivated 
peers: Sustainability of R&D, and its later commrcial- 
isation, require a balance between holism and reduc- 
tionism (specialisation). Therefore, it would be effec- 
tive to have a larger peer group of diverse disciplines 
and totally different motivations, to steer any R&D 
product development; instead of a narrow peer group 
of similar motivations and cultures. 


—More stringent evaluation of ongoing schemes: Since 
the older and bigger programmes/centres are normally 
headed or co-ordinated by older and more powerful 
people, they will almost inevitably tend to overshadow 
or intimidate the younger and more innovative/riskier 
R&D proposals. Hence the former need to be tested on 
Stringent criteria of tangible ground contributions, 
compared to the testing of schemes proposed by 
innovative youngsters. The latter can be tested on 
conceptual soundness and comprehensiveness as eval- 
uated by external examiners outside the known estab- 
lishment. 


The funding of new R&D activities should depend less 
on what the vertical bosses support or not support, but 
more on external, independent advisory group and peer 
reviews, etc. The rules and regulations regarding how 
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science needs to be pursued, also need urgent revision. 
The responsibility for the bureaucratisation and unre- 
sponsiveness of rules and procedures in science is 
squarely with the senior and the powerful scientist 
community (or the technocrats) and cannot be simply 
passed off to administrators. 


—Making the educational institution’s research priori- 
ties responsive to social needs: A large number of 
students and researchers are working on problems 
which may not lead to any useful.[sentence as printed] 
Neither does their work have commercial potential. It 
can be better done as part of maintenance research 
rather than post-graduate research. The government 
grants going on these heads must be drastically 
reduced. 


On the other head, the 50,000 man-years of work 
embedded in the Ph.D/masters thesis per year, need to 
be computerised and made accessible through networks 
such as Ernet/Inflibnet, etc.. so that the knowledge and 
product knowhow developed can be commercially 
exploited and repetitions avoided. This has also been 
suggested by the former UGC chairman, Prof Yashpal. 


—Competitive bidding: To avoid the possibility of 
everybody (especially the senior stalwarts of science 
and technology) taking up a pet “hobby horse” for 
R&D, a strategy may be evolved for “competitive 
bidding” for R&D grants by many private/public 
sectors organisations. Cross-disciplinary publicity for 
inviting such competitive bidding from multiple insti- 
tutions is a must in the programme planning. 


| ong Minor Role for Indigenous Technology 
n 
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[Article by Partha Majumdar] 


[Text] A few years from now, as the present economic 
reform measures bear fruit, what will be the indigenous 
technological content of the new range of industrial 
products that are expected to assume a dominant pro- 
file? By the present indications, this element will be 
almost absent. Though indigenous research and develop- 
ment efforts will continue to be very important in a large 
number of areas, most notably agriculture and health 
and probably also in the newly emerging fields like 
bio-technology, industry will continue to be heavily 
dependent on imported knowhow, at least for the next 
half-a-decade. 


This need not be a point for concern, but for the fact that 
since the 1980s a lot of research attention has been paid 
to fields directly concerned with applications in 
industry. According to data compiled by the Department 
of Science and Technology, energy, transport and com- 
munication, and industrial development, accounted for 
more than 29 per cent of the Rs. 3,444 crore spent on 
R&D in 1988-89 by the Central and State governments 
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and the private sector. The proportion was more than 32 
per cent during the earlier part of the 1980s, indicating 
that about 30 per cent of the R&D spending in the 
country on an average goes into these fields. 


The issue is not whether foreign collaborations should be 
reduced, or discouraged, so that indigenous develop- 
ments find wider applications. No country can afford to 
shut itself off from what is going on abroad. But the 
problem about foreign collaborations in India has been 
that they tend to be one-way with hardly any effort either 
to build on them or set up expertise that can stand up to 
competition from the best in the world. Repetitive 
imports of technology have been the most commonly 
observed feature of the industrial scene in India. 


The reason for raising the issue is not to rake up a past 
which, it is agreed now, must be put aside. The present 
round of technology imports will need the same kind of 
replacement several years hence, unless there is a distinct 
effort to build on them by setting up strong R&D bases. 
If this cannot be done on a scale that can support much 
of the Indian industry, than the obvious alternative is to 
concentrate on selected areas. instead of spreading out 
resources thinly. 


The immediate impact of the present emphasis on pri- 
vate initiative, and the reduction of government's 
involvement in many spheres, is a spate of foreign 
collaborations with technology imports as the main 
feature. Data released by the Foreign Investment Pro- 
motion Board shows that the emphasis for the time being 
is largely on consumer goods, not on the kind of sophis- 
ticated industrial knowhow that could give the Indian 
industry an immediate edge in the export markets. 


Even if one were to presume that this trend would be 
reversed after the initial phase of liberalisation, the fact 
remains that such collaborations are hardly any guar- 
antee that indigenous R&D would be able to take over in 
due course. The collaborators abroad would surely 
ensure a steady enough inflow of technology imports to 
maintain their position in the Indian market. 


Does Indian technological capability have any chance to 
stand on its own feet in the face of this challenge from 
abroad? The answer to this question lies in being able to 
understand the nature of the Indian market. Technology 
has taken three different paths in this country during the 
last 40 years: the first for those who have little; the 
second for the people in the middle income groups: and 
the third for the affluent. These paths do not interact 
very frequently, which is an indication of the sharply 
differentiated character of the technology policy in 
India. 


The fact cannot be denied that the bullock-cart is still an 
important mode of rural transport. It has stayed on, 
because it is the cheapest form of transport for both 
goods and people. By the same logic. the country is still 
in the bicycle age. Admittedly, the combination of the 
agricultural tractor and trolley is popular with those who 
can afford it. But few would have thought, when they 
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first appeared several decades ago, that this slow, clumsy 
and uncomfortable mode of transport was destined to 
play as important a role in carrying passengers as in 
carrying goods and farm produce. 


Technology has reached a dead-end at this stage. From 
here, home-spun solutions created in the backyard have 
taken over [to] satisfy needs at a cost which technology in 
India, as it has developed, has not been able to offer. 


This has often led to amazing innovations, though not 
necessarily elegant or conforming to the safety standards 
of a modern economy. One example of this is the device 
seen in agricultural farms to shred hay for cattle-food. 
The frequency of injuries to operators is appallingly 
high. Yet, and despite the laws that have been passed 
specifying minimum safety standards, these shredders 
are still commonly used. 


A more telling example of how people will make do when 
modern industry bypasses their requirement is the 
home-made transport vehicle, moving on four wheels, 
frequently seen in market centres in the northern parts of 
the country. Made with cast-off parts and components 
taken from all kinds of industrial products, these vehi- 
cles roam freely along rural roads and even highways. 
They have a popular acceptability, filling a critical gap at 
a faction of the cost of “hi-tech” transport. 


The cost has always been a critical factor. From the 
bicycle to the domestic pressure cooker, the humble table 
clock, the wrist watch and the transistor radio, a whole 
array of products has entered the life of the common 
man today simply because he can afford to buy them. It 
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is amazing how little the prices of these products have 
changed in spite of the general inflation during the last 
30 years. 


The thousands of foreign collaborations agreements 
involving transfer of technology in most cases, do not 
appear to have made a significant difference in their 
overall impact on the Indian industry. The index of 
capital productivity (base year 1960) worked out in the 
Annual Survey of Industries 1987-88, shows a general 
decline, or at best a relative stagnation. The notable 
exception is electrical machinery, which at 139 for the 
year 1980 indicates massive imports and technology 
upgradation efforts of the power sector. The category 
machinery, except electrical, has an index of 122. 


The technological stagnation in industry is not of a 
monolithic character. At least not for the affluent few 
who are part of the “upmarket” and can afford to buy the 
best of what industry has to offer. It is at this level that 
one can see the most of what the “quality of life” has to 
offer, because, by and large, the term has taken a 
consumerist connotation. It could have been different 
had the general services, that any citizen normally has 
access to, delivered impartially the fruits of modern 
technology. 


Neither communications nor transport nor, for that 
matter, education or health facilities have been able to 
inspire the faith in the Indian mind, that technology and 
technological progress means more benefits for all. Con- 
sequently, there is indifference to change and at times 
outright hostility, if that change means denial of the 
existing, though meagre, facilities. Given a sharper 
focus, and perhaps a greater sense of purpose, indigenous 
R&D can change this indifference to an active involve- 
ment at all levels. 
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